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INTRODUCTION. 


The generally accepted statement that egg once fertilized 
cannot refertilized seems challenged recent workers 
who maintain that artificial parthenogenesis may followed 
fertilization. There evidently inconsistency here 
involved that may eliminated the facts are known. The 
ideas these different writers are considered later this paper. 
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Various workers contributing the analysis the problem 
fertilization presented many and diverse points 
attack. One method group methods that has produced 
very striking results that initiation development 
known chemical agents, largely developed through the excellent 
works Loeb his studies artificial parthenogenesis. 

Lillie and has discovered and described specific 
sperm agglutinating substance secreted the eggs two 
forms (Arbacia punctulata and Nereis limbata). This 
substance produced the eggs these forms the time 
rupture the germinal vesicle and liberated into the 
sea water, which eggs have been standing for short while: 
escapes from the eggs amounts readily detectable using 
sperm suspension the same species indicator. Sperm are 
agglutinated masses that break apart after longer 
time; the reaction reversible. this agglutinating substance 
has given the name fertilizin. 

The nature this substance very little known but number 
its properties have been determined Lillie and later Glaser 
has offered certain information concerning it. 
present however its the process fertilization. 

Fertilizin according Lillie always present eggs when 
fertilization possible, and far experiments have shown 
present quantities sufficiently large detected its 
sperm agglutinating properties. not detectable imma- 
ture eggs, likewise absent bound immediately, within 
very short time, following the act fertilization. these 
two cases then there correlation between the presence 
fertilizin and the capacity for fertilization; indeed Lillie has 
extended this conception include all conditions egg— 
when fertilization possible fertilizin present. holds that 
fertilization reaction set reactions which this ovo- 
genous substance fertilizin activated: then effective 
agent which transformed from inactive active state 
some substance the 

The fertilizhin ypothesis attempts also explain the mechan- 
ism artificial parthenogenesis assuming that development 
this case effected initiated essentially the same manner, 
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e., the activation this substance, within the egg. this 
activation parthenogenetic agents rendered complete 
should naturally expect the egg acquire essentially the same 
condition does following the act fertilization. fer- 
tilization depends upon the activation fertilizin and this has 
been once activated artificial agents should expect fertiliza- 
tion just impossible normally fertilized egg. 
Experiments lead believe that fertilization complex 
series reactions which once completed exclude all possi- 
bilities repetition. 

According Loeb page 225) fertilization depends upon 
the introduction two separate and distinct sperm-borne 
substance and substance producing 
the so-called corrective effect. The former thought 
exercising cytolytic influence upon the cortex the egg that 
results the production membrane: unless the influence 
this lysin-like substance counteracted some way the proc- 
esses initiated continue until the egg totally destroyed. 
This substance acts before penetration the sperm and not 
specific, shown the fact that starfish sperm act upon 
sea urchin eggs that they cause membrane production and sub- 
sequent destruction the egg unless this prevented 
secondary corrective agent. The latter substance according 
Loeb acts only after the enters the egg; stops the 
cytolytic action the first substance and permits the egg 
develop normally. 

Loeb and has objected the fertilizin hypothesis 
grounds which correct, would long way toward sealing 
the fate that hypothesis. Loeb’s contentions brief are 
these: 

maintains that this agglutinative substance not 
secretion from the egg but derived from the clear transparent 
layer jelly surrounding the egg, the so-called “chorion 
the jelly destroyed more fertilizin present. 
and however has shown that this not so. 

further asserts that eggs that have produced membranes 
result butyric acid treatment other parthenogenetic 
agents undergo not only further development but entirely normal 
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development subsequently treated with sperm, provided only 
that the membranes are destroyed sufficiently allow sperm 
reach the eggs. his opinion only those physical factors that 
may prevent sperm from coming contact with the egg are 
concerned the non-fertilizable character eggs possessing 
distinct membranes. 

His views ate then entirely variance with the idea that 
the egg bears its own fertilizing substance which set motion 
activating agents, spermatozoa artificial agents, and that 
once this activation has been effected repetition the same 
possible. leaves out account any physiological change 
the protoplasm the egg and bases his entire conception 
upon purely physical factors the boundary the egg. 

more thorough analysis the physiological conditions 
within the egg, following activation any means, highly 
desirable whatever theory may inclined favor. One 
method attack such problem more thorough study 
the possibilities combination parthenogenesis and 
fertilization. Certain observations have already 
dentally presented from this point view. 

Loeb finds that eggs the sea urchin may readily 
fertilized after membrane production only the membranes 
are torn shaking the eggs and sperm added. 

Herbst fertilized Spherechinus eggs, having been previ- 
ously treated with c.c. sea water c.c. acetic acid for 
two six minutes, with Strongylocentrotus sperm and obtained 
larve bearing predominant characters the female parent. 
the fertilization process membranes were not produced, cleavage 
was very abnormal, and resulting plutei were weak: there was 
usually high degree mortality his cultures. 

Tennent and Hogue were able fertilize starfish eggs 
for short time only, following membrane production induced 
CO,: according their account sperm swam through the 
enlarged vitelline membrane entered the egg and caused the 
production second membrane. 

Lillie calls attention his observations that eggs the 
sea urchin following membrane production are incapable being 
fertilized. 
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The fundamental questions arising consideration these 
and other factors fertilization are very evident. They aim 
the very heart the problem. necessary that shall 
not lose sight the distinction between penetration the egg 
the spermatozoén and the fertilization reaction; with 
the latter that are more intimately concerned this time. 
What then the conditions within the egg that permit pro- 
hibit fertilization? reactivation the egg substances 
within the egg possible the use different activator can 
fertilization superposed parthenogenesis? 

This problem was suggested Professor Lillie and the 
experimental part was conducted under his supervision during 
the summers Woods Hole, Mass. gives 
great pleasure express indebtedness him for his many 
suggestions and kindly criticisms during the progress the 
work and also for table the Marine Biological laboratory. 
The examination Preserved Material was conducted the 
Hull laboratory the University Chicago. 


II. MATERIAL AND METHODs. 


The writer’s observations have been confined entirely the 
Atlantic sea urchin (Arbacia punctulata). Fresh material from 
the live car was received daily and kept aquaria running 
sea water. Eggs for the experiments were obtained the 
usual manner cutting around the edge the leathery oral 
disc and removing the ovaries entire clean finger bowl. The 
ovaries were cut and fresh sea water added and the whole 
poured through cheese cloth. This allows the eggs pass 
through, and retains the filter the pieces ovarian tissue. 
When the eggs had settled the bottom the dish the super- 
natant sea water was poured off and replaced fresh sea water 
(200 c.c.). This process washing was usually repeated 
three times and eggs were removed from the stock for the indi- 
vidual experiments. For every experiment control was also 
set aside. 

Sperm ordinarily was easily obtained allowing the males 
shed the solid sperm into clean dry Syracuse dishes. This 
solid “dry’’ sperm served stock supply from which the 
suspensions were made needed. 
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Ordinary laboratory precautions were observed, such 
sterilization each urchin, hands, and instruments with tap 
water. 


III. PARTHENOGENESIS AND FERTILIZATION. 

great variety agents, chemical well physical, have 
been found to. effective initiating changes within the egg 
leading development partial development. Most the 
agents lead imitation the action the spermatozoén 
that cortical changes the egg are induced them that 
result membrane production. The exception the general 
rule seems the action hypertonic sea water and even here 
accounts vary whether not there cortical change in- 
volved. Membrane production has been recorded following 
exposure sea-urchin eggs saponin, distilled water, lipoid 
solvents, blood serum, fatty acids and other agents; but more 
consistent results have been obtained the use butyric acid 
than any other agent and largely this method that has 
been employed this study. 


The Curve Fertilization after Butyric Acid Treatment. 


certain well-known parallelism exists between eggs tilized 
sperm and eggs that have been subjected butyric acid 
treatment. both cases membrane produced around the 
egg, clearly visible with low power the microscope. 
both cases this membrane, the vitelline membrane, often called 
the fertilization membrane,' becomes evident almost immediately 
and very much toughened standing. The fertilized egg 
cleaves, gastrulates and later swims: the same also true 
the butyric-acid-treated eggs they are exposed hypertonic 
sea water the proper time. The end results the two cases 
are indistinguishable. there then also physiological parallel- 
ism between the two kinds activation? 

has long been known that egg once activated 
does not respond second sperm insemination. 
this also true eggs activated butyric acid? when 
does the egg acquire such physical physiological state that 
will not respond the influence 


For details membrane production see Heilbrunn 
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great number experiments have been performed 
attempt find out the conditions under which fertilization may 
may not superposed upon butyric acid parthenogenesis 
and define the boundary line limiting the effect the sper- 
following parthenogenetic treatment. 

production parthenogenesis butyric acid, eggs are 
exposed optimum concentration acid sea water and 
transferred sea water given intervals time. Membranes 
not form the acid, but only after transfer sea-water, 
and they are formed best and highest percentage after 
optimum exposure. c.c. sea-water 2.8 c.c. butyric 
acid was found good concentration, and the optimum 
exposure this concentration was usually about seconds. 
After either too long short exposure the percentage 
membranes was less and they were less well formed. 

The general method conducting the experiment follows: 
Eggs are collected, washed three times, and divided into equal 
lots; the lots are subjected separately butyric acid using the 
entire 52.8 c.c. for graded series time intervals (see Table I.). 


TABLE 


Percentage of Cleavages 
(2 Cells or More), 


Z 
° 


Length of Acid Exposure, | Percentage of Membranes, 


cooooooon 


For each lot the acid solution previously thoroughly mixed was 
poured over the eggs and the given time eggs and butyric 
acid solution were poured into vessel containing liter 
sea-water c.c. stop the action the butyric 


q 
q 
sec. 
“ | 
10 | 50 
| 
“ 
i | 
min. 
min. 
“ 
“ 
‘ 


144 CARR RICHARD MOORE. 


acid; membranes were counted using the Leitz mm. objec- 
tive and ocular Eggs were then transferred from vessel 
vessel containing 100 c.c. fresh sea water, carrying over 
from c.c. c.c. the water from Immediately there 
was added c.c. sperm suspension drops dry sperm 
100 c.c. sea water) freshly made for the experiment. 
Cleavages were counted about the 16-celled stage. The 
approximate time entire experiment one and one half 
hours, but the time factor neglible both regards the length 
time the stock supply eggs has remained standing and 
regard possible deterioration the sperm suspension. 

The following experiment was adapted ascertain what 
stage, any, the action the butyric acid, capacity for 
fertilization was lost and relate such results the partheno- 
genetic effect. The results during two summers have been 
entirely consistent. 


Experiment 29, July 23, 1915. 

Eggs after washing were divided into lots. Each lot was 

given certain exposure butyric acid (50 c.c. sea water 
2.8 cc. butyric acid), the action acid checked 
transferring alkali sea water, and eggs inseminated with sperm 
dish fresh sea water. 
These results are tabulated curve, Fig. and The 
axis the ordinates represents the percentage cleavages and 
the axis the abscisse the length exposure butyric acid 
seconds. 

first glance such table and curve four points are very 
strikingly revealed us: (1) The percentage fertilization 
decreases the number membranes increase. (2) After 
membranes cease appear there gradual rise the per- 
centage cleavages: (3) From longer exposure butyric 
acid cleavages again fall off until (4) after ten minutes’ exposure 
butyric acid (varying individual experiments) the fertiliza- 
tion reaction longer induced sperm. Let look then 
the process membrane production little more closely. 

The concentration the butyric acid sea water used 
caused visible change around the cortex the egg following 
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three second exposure, with the exception that usually all the 
transparent jelly layer around the egg was completely dissolved: 
membranes were produced and the eggs appeared entirely 
normal. After six seconds’ exposure, however, usually small 
per cent. the eggs showed distinct membrane, ordinarily quite 
small, while others had begun show only very slight indications 
membrane. Membrane production increased intensity 
and number with increase length exposure until prac- 
tically all eggs had produced membranes indistinguishable from 
membranes produced fertilization. this experiment 
per cent. the eggs had produced membranes following acid 
exposure Longer acid exposure gave gradually 
declining curve membrane production usually falling off 
rapidly that eggs exposed the same strength butyric acid 
for minute produced very small membranes none all 
until finally almost indication any cortical change was 
evident. There decidedly quantitative aspect mem- 
brane production shown these experiments, and what 
shall called the optimum condition membrane production 
that will direct our attention little later this paper. 

above mentioned the fertilization capacity (indicated 
cleavage and development) falls off gradually the percentage 
membrane production increases. When the optimum condi- 
tions for membrane production are given, fertilization restricted 
very few eggs entirely absent. very few experi- 
ments does one obtain 100 per cent. membranes butyric 
acid treatment and usually the percentage cleaving eggs 
following insemination, corresponds very closely the number 
that did not produce membranes. After acid exposure 
the given concentration, lasting only three five seconds, 
insemination causes practically all eggs produce characteristic 
membranes; cleavage essentially normal and very high 
percentage swimming larve are obtained. With longer 
exposures (10, 15, sec.) the number eggs that cleave after 
insemination less than with the shorter exposure. This 
decrease number cleavages continues the length 
exposure increases one minute longer when there 


The optimum time varies slightly under different sets conditions. 
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gradual increase the number cleavages. But development 
after this length acid exposure not preceded 
membrane From exposure one minute the 
percentage cleavages continues rise the length 
increased, until the greatest number cleavages obtained 
after acid exposure approximately two minutes (varying 
with different lots eggs). From this length exposure 
longer ones the possibility fertilization gradually decreases 
until exposures from five ten minutes the given strength 
butyric acid absolutely prevents fertilization the eggs. 

significance that the majority eggs fertilized after 
prolonged butyric acid treatment cleave very irregularly when 
cleavage present all. Cleavage many times delayed, 
cells appear very unequal mass, the usual radial type normal 
cleavage lost and the pattern becomes very obscure; nuclear 
division may appear when evidence cytoplasmic cleavage 
present. 

Likewise the larve that result from eggs over exposed 
butyric acid are very abnormal. Usually they are slightly 
retarded their development compared with similar stage 
differentiation normal series. The degree abnormality 
such lots extremely variable. Many the eggs not 
Most the not swim the surface the water but 
remain near the bottom the dish. Almost any 
from rounded mass protoplasm barely exhibiting slight 
quivering very slow spinning movements normal indi- 
viduals may observed. Forms having only one appendage 
representing arm others with extremely long arms very 
closely bound together, arms widely separated—even 180°— 
large oral lobes, scarcely visible oral lobes, very irregular 
masses protoplasm with blunt projections, were noted. The 
rate mortality was usually very high these abnormal lots. 
With exposure approximating the point which fertiliza- 
tion possible, normal were obtained; irregular masses 
protoplasm scarcely resembling normal larva were the only 


Herbst, '06, has called attention the fact that eggs over-exposed butyric 
acid not produce membranes when inseminated with sperm. 
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forms noticed that gave any evidence life all; and none 
these reached the pluteus stage development. 

Fertilization the normal reaction between ripe male and 
female sex cell the same species. Eggs may led 
development artificial means, chemical physical, but the 
writer considers just improper speak fertilization 
these cases call eggs that have produced membranes only, 
result certain substances extracted from sperm, fertilized 
not fertilization. Certain internal conditions each the 
partners necessary for the fertilization reaction and sperm 
may enter eggs when these conditions are not right for the 
reaction; but instance this kind not have fertiliza- 
tion. the conditions observed above obtain certain 
amount development even though deviates widely from the 
normal conditions this process. Some the eggs start the 
cleavage process but not complete it; others farther only 
fail the attempt. This development results from some 
reaction between egg and sperm since uninseminated eggs under 
the same conditions not cleave. The conditions for the 
normal reaction have only been partially fulfilled and these eggs 
have been fertilized only incompletely. may speak such 
conditions partial fertilization and thus recognize the quantita- 
tive aspects fertilization the quantitative aspects 
artificial parthenogenesis. 

But why, may ask, eggs that have produced membranes 
result butyric acid give evidence fertilization what- 
ever, even though they have been heavily inseminated with 
sperm? the membrane the only barrier fertilization? Ifa 
sperm should come contact with the egg cytoplasm even 
enter could fertilize the egg? 

Activation the egg the optimum exposure butyric 
acid results membrane production: also does activation 
sperm produce membranes. neither case subsequent 
insemination sperm effective. Wilson has shown for 
Cerebratulus that pieces cut from fertilized eggs and dropped 
mmediately into water containing sperm not develop even 
though pieces much smaller size cut from unfertilized eggs 
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develop. The cytoplasm incapable responding the 
influence the sperm. Practically the same thing has been 
shown for the starfish egg the studies Delage merogony. 

Can the failure the butyric treated eggs respond the 
presence sperm explained the same manner and 
what the physiological condition the egg that causes its 
behavior? Obviously shall have examine very closely the 
condition the egg the close the activation process induced 
butyric acid treatment. 

Optimum Exposure Butyric Acid.—We will turn our 
attention the point the fertilization curve (Fig. 
seconds) which obtain membranes surrounding the eggs 
that are indistinguishable from those produced result 
fertilization. The membranes are comparatively the same 
size those produced fertilization; the hyaline layer appears 
shortly after the acid treatment and far one able 
judge, the membranes the two instances are morphologically 
identical. The production membranes both cases has been 
effected the egg; certain processes have been set motion 
two different activating agents and each case have 
obtained distinct membranes. Development proceeds the 
case fertilization, but artificial parthenogenesis usually 
does not farther unless the eggs are subsequently treated with 
hypertonic sea water. Many agents may utilized causing 
eggs produce membranes but not any them allow the 
egg reach the stage swimming unless the treatment 
followed hypertonic sea water other secondary treatment. 
Evidently the only common factor the two series events 
the egg itself. inconceivable that development could 
proceed after such variety agents may used without 
passing through some time some the same conditions 
does the normally fertilized egg. 

Immediately within short time after membrane produc- 
tion fertilization (as have mentioned) changes the 
physiological state the cytoplasm have rendered incapable 
further response Does the same condition 
exist case membrane production butyric acid the 
absence fertilization this point merely due the presence 
the membrane Loeb has suggested. 
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Quoting from Loeb 234): 

call forth artificial membrane formation first butyric 
acid, spermatozoén can enter the egg, since the fertilization 
destroy the membrane shaking it. then add sperm 
such eggs, the spermatozoa enter, cause second membrane 
formation (in which the membrane fits tightly around the egg)! 
and the eggs develop room temperature without requiring 
any further treatment with the hypertonic solution; 

(a) Membrane the facts are Loeb states 
them can only come the decision that change the 
physiological state the cytoplasm has occurred; least 
has not rendered the cytoplasm unfertilizable. could 
eliminate the membranes from all the eggs should able 
obtain practically high percentage developing eggs 
before the butyric acid treatment. Furthermore the sper- 
carries lysin-like substance that causes membrane 
formation there reason that should not get second 
membrane formation around the egg following insemination. 

The first point for consideration the character degree 
membrane production. This have already 
seen that there decided quantitative aspect the process 
and that the power fertilization runs parallel with this. 

Quoting further from Loeb 262): 

“The treatment the eggs Arbacia with butyric acid 
leads the formation membrane which varies considerably 
the eggs the same female. Since the membrane called 
forth butyric acid not always plainly visible, pre- 
requisite that always one set such eggs should set aside 
controls ascertain whether not all the eggs disintegrate 
rapidly (if second treatment given them). Only they 
all disintegrate rapidly have any guarantee that all 
them the membrane formation has been 

Loeb however fails consider that disintegration 
means test for membrane production. Eggs exposed 
butyric acid for slightly longer than the optimum time for 
membrane production not produce membranes yet they 


Loeb, has later retracted this second membrane formation. 
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cytolize even more rapidly than cases where membranes have 
been produced. Practically all pigment diffuses from eggs 
treated, when allowed stand, within very few hours; they 
will, many times, have almost completely disintegrated when the 
first signs cytolysis appear eggs provided with membranes. 
Furthermore, what evidence membrane production have 
when the membrane not visible? have reason 
doubt that partial fertilization, least, possible instances 
where membranes appear following the acid treatment; mem- 
brane production has not been initiated. Activation has, 
best, been only partially effected; the reactions may have been 
started but they were not completed. behooves look 
little more closely the process the butyric acid treatment. 

The best method for causing membrane production the 
egg Arbacia the famous butyric-acid method developed 
Loeb. But, all who have used know, great care must 
exercised, obtain the best results. Loeb has pointed 
out different lots eggs respond very differently essentially 
the same treatment. But these facts are borne mind very 
good results may obtained. The eggs used experiments 
have always been washed from two four times before treat- 
ment. Unwashed eggs not usually give good results; many 
eggs not produce membranes. One variable feature ob- 
taining good membranes the length time the eggs are allowed 
remain the acid. This probably dependent somewhat 
upon temperature well upon the conditions the individual 
eggs. some experiments have obtained the best 
results (highest percentage eggs producing membranes and 
membranes appearing normal size) from exposures lasting 
only fifteen seconds; other times longer exposures give better 
results. This sometimes obtained twenty-five thirty 
seconds but usually near twenty seconds that the better 
results are obtained. Acidity factor that must considered: 
very slight amount acid after the transfer prevents the 
reaction from being complete. Thus have found some 
cases that solution into which the eggs have been removed 
following the acid treatment, that slightly acid 
would entirely prevent membrane production. 
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Large quantities eggs should not treated with small 
amount acid solution good results are desired. all 
experiments the same dilution butyric acid has been used 
(50 c.c. sea water 2.8 c.c. butyric acid) the entire c.c. 
has been employed and seldom has larger quantity than c.c. 
eggs been treated the same tme. order avoid the 
excessively large quantity sea water necessary dilute this 
acid point where would longer inhibit membrane 
production, known amount NaOH has been added 
one liter sea water into which the eggs and acid were poured: 
sufficient quantity was used that after the eggs and acid 
were added the solution was still barely alkaline phenolphtha- 
lein, and finally eggs were observed under the microscope and 
the percentage eggs possessing membranes was noted. With 
these points mind may turn our attention the possi- 
bilities fertilization following such optimum treatment 
with butyric acid. 

(b) The Effect Sperm, after Elimination Membrane.—The 
method used that employed Loeb studies this nature, 
production membranes butyric acid, shaking the eggs 
test tube remove the membranes and subsequently in- 
seminating with sperm. Loeb was sometimes doubtful 
the efficiency shaking removing the membranes, some were 
only torn according his account and where small percentage 
cleavages was obtained was very convenient consider 
that these holes had again closed over and prevented entrance 
the sperm, the shaking process conducted quickly 
enough after the production membranes they are very easily 
removed. Thus one lot eggs per cent. which revealed 
typical membranes, was conducted minutes after 
being returned alkaline sea water. Examination means 
the microscope did not reveal the presence single membrane 
out 100 eggs counted. Six minutes after membrane produc- 
tion, nearly possible the same amount shaking was given 
another batch from the same lot, yet per cent. these eggs 
still possessed intact membranes; nine minutes after, even 


Shaking was conducted test tube cm. containing eggs and sea 
water. The tube was filled one third its volume. 
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though the eggs were given nearly possible exact equiva- 
lent shaking the first, yet per cent. them possessed in- 
tact membranes. The membrane becomes very much toughened 
shortly after production and much greater amount mechani- 
cal agitation necessary destroy 
Even though many eggs are broken pieces during the 
shaking process and the solution becomes very highly colored 
from escaping pigment, yet the eggs remaining intact appear 
good condition, not different appearance from normal un- 
fertilized eggs. The shaking has not materially affected their 
developmental capacities; when such eggs are subjected 
hypertonic treatment one can obtain from per cent. 
per cent. swimming 
Observations are entirely limited experiments which 
eggs possessed large full membranes, and lots eggs that 
showed high percentage membrane production. All other 
sets eggs which membrane production was not the best 
were discarded. variable times the season short periods 
appear during which very difficult obtain large per cent. 
good membranes and usually the percentage development 
from normal insemination very low. such times experi- 
ments this nature were performed, but for all other periods 
which observations have been made throughout two summers 
the results have been entirely consistent. 
The following experiment, typical one, will serve present 
the method treatment and the results obtained from this line 
study. 
Experiment July 19, 1915. 

P.M. Eggs collected and washed. 

5:00 P.M. Butyric acid exposure (50 c.c. sea water 2.8 c.c. 
butyric acid). 


That the membranes have been completely shaken off the egg and have not 
simply collapsed indicated the fact that eggs which have been shaken less 
vigorously than others, still possess pieces membrane adhering the surface 
egg; also the fact that immediately after shaking, indication mem- 
brane present, and that shortly new surface film, the hyaline layer, appears 
around the egg. 

The number cleavages considerably greater. great many eggs the 
blastomeres fall apart, due luck membrane, and not reach swimming 
stage. 
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5:00:20 P.M. Eggs and acid water poured into liter alka- 
line sea water. 
(a) per cent. eggs possessed good membranes. 
5:02:20 P.M. One part (a) eggs shaken test tube times, 
poured into normal sea water. 

(b) per cent. eggs still possessed full partial membranes. 
5:05 P.M. (1) eggs 100 c.c. fresh sea water 
sperm suspension. 

5:20 P.M. (2) eggs 100 c.c. fresh sea water 
sperm suspension. 

5:23 P.M. (3) eggs 100 c.c. fresh sea water 
sperm suspension. 

5:40 P.M. (4) (0) eggs 100 c.c. fresh sea water 
sperm suspension. 

5:45 P.M. (5) normal insemination—control. 

After hours the number cleavages were noted and after 
hours observations were made for swimming larve. 


Cleavage Out of Swimming 
100 Eggs Counted. Larvae. 


Thus even though have entirely deprived per cent. 
the eggs their membranes yet case did have single 
egg showing cleavage after insemination. One per cent. 
cleavages were noted for the unshaken control and see that 
per cent. the eggs formed full membranes. Cortical 
changes though slight were appearing the other eggs. 

The shaken eggs, (b) lot, cytolized even more rapidly than 


did the unshaken (a) lot. This lot (a) still possesses its mem- 
branes. 


Our conclusions from this, well from many other experi- 
ments, can only that these eggs, after production full 
membranes, are unfertilizable condition. This condition 
not due the presence so-called impermeable membrane 
for that have eliminated shaking; neither due 
injury the eggs through shaking for large percentage 
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swimming forms are obtained after short hypertonic treatment. 
can not accountfor the basis weak sperm suspension 
because normal eggs with the same insemination gave per 
cent. cleavages. Many times too but with 
results excessively heavy insemination has been used. 
Standing for short time before insemination has different 
effect; indeed sperm retain their motility and actively swim 
around the dish several hours after insemination. The eggs 
not again return the fertilizable condition standing 
normal sea water room temperature. Cytolysis more rapid 
than where membranes are retained and the course twelve 
hours most the eggs have gone pieces. 

Neither has the percentage fertilization ever been able 
increased the use varying amounts NaOH.' 
experiments which few the eggs did not produce mem- 
branes result the acid treatment, controls often show 
corresponding number fertilizations. But case were 
fertilizations increased eliminating the membranes produced 
after acid treatment. Even though membranes may possibly 
exert some influence keeping out accessory spermatozoa yet 
this not the essential block fertilization. 

Obviously the eggs are not fertilized upon addition sperm. 
Can possible that yet some physical barrier exists the 
surface the egg protoplasm? 

Cytological observation such experiments have shown 
exceedingly interesting and significant situation. The obser- 
vation will presented very general way the following 
section. 

(c) Cytological Results Optimum Butyric Treated Eggs.— 
Before presenting the data from cytological study may 
well dwell little the significance such study rela- 
tion the partially antagonistic hypotheses, the lysin theory 
fertilization and the fertilizin theory. 

From the essential conceptions the lysin theory obviously 
should expect aberrant behavior either the part 

has shown that under certain conditions variable percents NaOH 


added inseminated dishes materially aids increasing the percentage fertili- 
zations. 


FERTILIZATION PARTHENOGENESIS. 155 


sperm egg their union and further behavior following 
insemination, after artificially induced membrane production. 
The fundamental limiting factors are bound cortical, 
physical phenomena and these being entirely removed, the nor- 
mal processes should unmodified. 

should naturally expect instances this kind: (1) Re- 
activation the egg; (2) penetration the 
(3) normal development. 

(1) has already been considered and proven the contrary. 
Sperm are active, come contact with eggs that have been 
entirely deprived their membranes yet they never prove 
themselves capable inducing the formation new membrane. 
The lysin-like substance fails act. (2) will considered from 
study sections while (3), like (1), has been proven negatively. 
These eggs not develop response sperm but disintegrate 
readily, more so, than eggs possessing membranes. 
sperm should enter these eggs, and there nothing the con- 
ception this theory indicate that not so, the spermato- 
should exhibit its corrective effect and allow the eggs 
develop normally. then sperm are found within these eggs 
which give external indications development every postu- 
late the theory will have been disproved and consequently 
will have discarded. 

The facts already presented however find ready interpre- 
tation terms the fertilizin hypothesis. Since activation 
has already been once accomplished, through butyric acid, 
further influence toward development means sperm 
entirely negative. From the postulates this theory should 
not expect (1) reactivation; may may not expect (2) pene- 
tration spermatozoa and not expect (3) further develop- 
ment after insemination. 

(1) and (3) need not here further discussed; reference 
(2), penetration not the point greatest 
importance but rather the question reaction between egg 
and sperm. not know all the factors involved pene- 
tration. Whether not the carried into the 
eggs purely passive state itself actively engaged the 
process will not discussed this point. greater significance 
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this time the question the possibilities influence 
exerted the sperm, provided could enter the egg any 
means whatever after activation butyric acid. should, 
from hypothesis, expect the reaction entirely absent and 
this shall prove the fact. these preserved series the 
experiments were conducted the same manner that given 
page 152. After membranes had been produced result 
butyric acid and destroyed shaking, the eggs were trans- 
ferred fresh sea water and inseminated very heavily with 
fresh sperm. Eggs were preserved definite periods killing 
picro-acetic acid, Bouin’s mixture, and fluid. 
Sections were cut paraffin and stained with fresh 
solution The better results were obtained 
staining, following picro-acetic acid, 0.5 per cent. 
aqueous solution first dissolved small amount 
absolute alcohol and diluted properly with distilled water, 
using the stain immediately. This gives clear gray cytoplasm, 
against which the intensely black sperm heads stand marked 
contrast. 

Eggs preserved fifteen minutes after insemination reveal the 
fact that sperm have entered large numbers; also that entrance 
one sperm does not prohibit the entrance others. sec- 
tion egg thick may show any number sperm heads 
from one twenty sometimes more. These spermatozoa 
are scattered all through the cytoplasm and are not located 
near one side where accidental injury the egg might have made 
entrance possible; they are found any level the egg. The 
majority are located near the periphery the egg but many are 
found the center, close the egg nucleus and even loose 
contact with it. The periphery many eggs literally packed 
with the sperm heads. There seems definite orientation; 
sperm side side groups may turned opposite direc- 
tions yet may lie right angles practically any direction 
each other. Evidence active behavior such sperm 
entirely negative. asters arise around the sperm heads and 
neither they exhibit the tendency become enlarged and 
vacuolated normal fertilization, especially the male and 
female pronuclei approach each other. The only discernible 
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difference between sperm within the cytoplasm and those re- 
maining outside the egg but contact with the surface the 
absence tail. tail has ever been observed within the 
cytoplasm these eggs. 

Thirty minutes after insemination see evidence any 
change the part the sperm within the egg. The egg nucleus 
however has begun change somewhat. The nuclear wall has 
disappeared some and chromosomes are definitely formed 
usually lying scattered, more aggregated the cytoplasm. 
Slight radiations have begun appear centering indistinctly 
‘near the nucleus chromosomes. few eggs, the per- 
centage increasing later stage, chromosomes are dispersed 
along the rays that diverge from the center the egg. Prac- 
tically amphiasters have ever been found these 

During all this change the part the egg pronucleus the 
sperm heads have given not the slightest indication any 
change. They lie the cytoplasm very much they were 
foreign bodies. 

From Hindle’s cytological study artificial parthenogenesis 
Stronglyocentrotus purpuratus? know that essentially the 
same nuclear changes are present after butyric acid treatment 
alone that have the above lot eggs. are 
formed but not amphiasters. And the absence any indi- 
cation reaction due the presence sperm necessarily 
must conclude that these changes have been induced result 
the butyric acid treatment and not the effect sperm. 
There has been fertilization; the character the egg has 
become changed such extent that activation whatever 
far one may judge from experiments and sections, has been 
effected the The ovogenous substance has 
once been activated (i. e., butyric acid) and further activation 
sperm just impossible after normal fertilization. 

Over-Exposure Butyric Acid—Partial Fertilization.— 
Again referring the curve fertilization notice that 
exposure butyric acid slightly above the optimum does not 


1In one series preserved eggs, two containing amphiasters were found; but 
the control the experiment—eggs inseminated without the membranes being 
destroyed—showed per cent. cleavages. 

Archiv. fiir entw’ Mech., Bd. 31. 
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result the production membranes; have also noted that 
insemination followed certain amount abnormal cleav- 
age and corresponding percentage aberrant larve. Such 
conditions were spoken partial fertilization. see many 
evidences the literature such quantitative aspects both 
artificial parthenogenesis and fertilization. These conditions 
may brought about either treatment essentially effecting 
the normal condition either parent cell before union—an 
internal modification—or allowing union the two elements 
environment which the normal processes involved 
union are modified—an external modification. attempt 
review the very many conditions and instances the production 
such abnormal conditions will made. sufficient 
point out the fact that very gross abnormalities have been 
produced modifying the processes fertilization. One 
the best demonstrations the quantitative effect artificial 
agents starting off the dormant mechanism the egg that 

Lillie found that brief exposure unfertilized eggs sterias 
temperatures ranging from 32° 38° caused 
membranes produced. these eggs were then treated 
with hypertonic sea water development ensued and larve were 
produced large numbers. Further than this the effect the 
hypertonic solution could replaced second exposure 
high temperatures butyric acid. was capable 
partial imitation that could completed further treatment 
the same other agent. the sea urchin however the 
conditions seem more specialized. Optimum conditions 
for exposure butyric acid results the production mem- 
branes and this time fertilization impossible. But longer 
exposure does not result membrane production and this 
condition certain amount reaction between egg and sperm 
evident from the fact that cleavage and larve are produced. 

The physiological differences the two cases will partially 
dealt with Sec. 

(a) Cytological preparation these 
instances partial fertilization are extremely interesting, and 
vary essentials but little from those previously described 
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the Hertwigs Sperm enter these eggs over-exposed 
butyric acid, large numbers and evidently any point the 
circumference. Eggs exposed butyric acid for minutes 
were inseminated, preserved and sectioned. Fifteen minutes 
after insemination the eggs contained one many sperm lying 
the cytoplasm either unchanged various stages ac- 
tivity. Many possessed asters and some even though quite 
widely removed from the egg nucleus, appear very much like 
the swollen sperm normal fertilization just before copulation 
the nuclei. Many sperm were undergoing fragmentation with 

Forty-five minutes after insemination many eggs had formed 
amphiasters appearing quite normal. Polyspermy however 
seemed predominant: many figures were composed three, four, 
five spindles variously linked together; different sets.of amphi- 
asters within the same egg but completely isolated from each 
other are often noted. Large numbers sperm may 
found bunched together mass, the whole being surrounded 
protoplasmic radiations that extend only short way through 
the cytoplasm. Such sperm masses usually give evidence 
quite extensive amount disintegration. Many the eggs 
with definitely formed chromosomes dispersed along the rays 
monaster show sperm lying inactive. Many eggs also are 
present which neither egg nor sperm seem undergo any 
change, least, hin the space two hours. 

series this kind see all gradations completeness 
the process fertilization from total absence any reaction 
processes very greatly resembling the normal behavior the 
two elements. Some the eggs have evidently suffered more 
from the activating influence butyric acid than others and are 
consequently less responsive the normal stimulus exerted 

Prolonged Exposure Butyric Acid.—The last point 
the fertilization curve considered the point which 
fertilization absolutely ceases. From the highest point the 
curve after over-exposure butyric acid, gradually declining 
amount fertilization possible until indications 
reaction are all visible. This from five fifteen minutes’ 
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exposure the acid varying with conditions. Eggs over-exposed 
the acid agglutinate heavily, but they neither produce mem- 
branes nor disintegrate exceptionally fast. The individual eggs 
vary appearance but little from normal unfertilized eggs but 
all efforts fertilize such eggs have resulted complete failure. 

Why has the fertilization capacity disappeared? sperm 
could enter these eggs would the reaction appear? 

(a) Cytological the experiments, lots 
eggs were preserved that had suffered the shortest possible 
exposure that would prohibit cleavage. 

Examination sections revealed the fact that practically 
all the eggs contain sperm nuclei, many sections showing 
one plane section. They are located all planes the 
egg from periphery center. These sperm however give 
evidence whatever being either effective effected. Similar 
the conditions encountered the optimum butyric acid 
exposure the sperm not produce asters. They appear entirely 
foreign bodies suspended the cytoplasm. Their contour 
has suffered noticeable change but they retain their usually 
oblong pointed appearance. They not react with the egg. 
Something absent with which which they normally react. 

can not conclude that the eggs are dead and thus veil our 
ignorance, for how then could account for the presence 
spermatozoa? inconceivable that the spermatozoén could 
acquire enough momentum penetrate the surface the egg 
and carry itself through mass protoplasm very roughly 
estimated times its own diameter. cannot bore 
its way through, for were possessed 
(which not) the tail would completely buried long before 
reached the center the protoplasmic mass even the tail 
remained contact with the sperm head. The very fact that 
spermatozoa have entered the eggs proof that the eggs are not 
dead. The normal environment for the activity the sperm 
has been changed. Something again absent that would nor- 
mally permit the reaction and the consummation development. 


While studying the effects altered temperatures upon the 
process development the writer found that subjecting sea 
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urchin eggs sea water, the temperature which had been 
raised 35° fertilization could entirely prohibited 
yet the eggs remained apparently normal and showed signs 
attempt restore the fertilizable capacity was 
successful. 

Numerous instances are found literature relative 
the powers rise temperature initiate development. 

Delage, determined that starfish eggs developed partheno- 
genetically immersed sea water 30° the 
time rupture the germinal vesicle. 

Lillie found that exposing maturing starfish eggs 
visible changes the egg; slightly longer exposures however led 
the production typical membranes; but with scarcely 
further development the eggs break down before and after 
cleavage. But exposure three four times long one 
give rise membranes, produces favorable develop- 
ment and large number swimming larve are obtained. 

Miss Allyn found rise temperature very effective 
producing cleavage and development the egg Chetopterus. 
Temperatures 32.5° and 34.5° proved the more favorable 
for cleavage and development this egg: small per cent. 
swimming forms were obtained. Temperatures 35° and 
above are less effective: swimmers were obtained and cleavage 
was very abnormal. 

The Hertwigs subjecting the eggs 
lividus abnormal temperatures determined that fertilization 
after certain length exposure was prohibited. exposure 
minutes 35° C.—36° gave essentially the same results 
noted and emphasized the progressive effect the higher ex- 
posures, revealing again the quantitative aspect whatever 
changes are effected within the egg. using constant time— 
five minutes—the effect temperature 31° was scarcely 
noticeable, the process fertilization was essentially normal: 
35° however changes were noticeable. The eggs 


Knaffi, found that heating sea urchin eggs 41° caused cytolysis 
very short time. 
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usually produced more less typical membrane but later 
cleavage was very abnormal. many the eggs there could 
seen more than one Following exposure 
39° and subsequent insemination, very few the eggs 
produced membranes, and cleavage present all, was very 
irregular. After exposure 41° and 45° 
development was obtained the addition sperm. 

very evident that different eggs react the heat stimulus 
very differently. The eggs and starfish seem 
possess much less stability than eggs the sea urchin. 
They are much more easily started out their development. 
Thus slight rise temperature very effective producing 
cleavage the two former but far the writer aware al- 
most entirely negative results have been obtained with the urchin 
egg. common with the more responsive egg however the 
fact that exposure high temperatures causes loss the ca- 
pacity for fertilization. was study the character the 
change effected the egg that these few observations have been 
made. The writer was not familiar with the experiments the 
Hertwigs with heat, the time his observations. The experi- 
ments the egg Arbacia agree essentially with their earlier 
observations study the egg Stronglyocentrotus lividus. 

The experiments were conducted transferring washed Arba- 
cia eggs into sea water, small beaker, the temperature 
which had previously been raised that desired for the experi- 
ment. The beaker was partially immersed water bath 
the correct temperature and thermometer recorded the tempera- 
ture the two vessels. Eggs were removed from the beaker 
warm sea water certain time intervals, transferred finger- 
bowls normal sea water and inseminated with fresh sperm 
suspension. 

Many experiments were conducted using various temperatures 
from 25° 45° but only the results constanc tempera- 
ture will reported this time. 

eggs Arbacia were exposed 
sea water temperature 35° C., removed normal sea 


water and inseminated. The results are tabulated Table II. 
Revealed staining eggs 
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TABLE II. 
No, Time Exposure, Percentage Cleavages. 
3 7 3 


was determine whether sperm entered eggs thus treated 
that number series were preserved and sectioned. 
endeavor was made obtain eggs just the critical point (e. g., 
the shortest length) exposure which fertilization was 
prevented. 

Cytological Observations. 

Sections such eggs reveal the fact that sperm have entered 
them great numbers. Fifteen minutes after insemination 
sperm are found scattered diffusely all levels throughout the 
egg, the periphery and the center, some lying very near the 
egg nucleus. far concerns any reaction characteristic 
fertilization, entirely absent; asters have ever been found 
these eggs, well indication spindle formation 
copulation pronuclei. 

The sperm heads have begun lose their normal characteristic 
shape and have begun disintegrate; some appear swollen with 
tendency become vacuolated, others appear falling 
apart fragments. Many dark-staining granules are found 
through the cytoplasm evidently being derived from broken- 
down sperm. 

The egg pronucleus has great extent lost its power 
holding the stain and appears only shadow the original 
nucleus. still intact with little indication destruc- 
tive changes. 

Thirty minutes later (45 minutes after insemination) eggs 
from the same lot present quite different picture. The egg 
nucleus remains intact but does not appear stained. The 
spermatozoa appear fall into two very general classes. 

Those which the nucleus has tendency disintegrate, 
scattering heavily staining granules throughout the cytoplasm. 

Those that have tendency become vacuolated and 
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increase enormously size. The sperm head becomes broken 
into pieces but these are retained the periphery clear 
vesicle and are not scattered promiscuously about the cyto- 
plasm. All sizes these vesicles are present from mere loosely 
arranged condition the content the sperm head vesicles 
larger than the female pronuncleus. These vacuoles appear 
everywhere within the cytoplasm and are usually lined heavy 
black granules. 

The point emphasized this. Sperm enter these eggs 
large numbers; they are not only found lying just within 
the surface the protoplasm but are found all through the egg 
cytoplasm, peripheral and central, yet these sperm never give 
the slightest indication changes characteristic fertilization. 
asters have ever been found, spindles have ever been ob- 
served, though hundreds cases have been closely studied. 
Neither does the egg pronucleus give any indication response 
following entrance the sperm. These sperm nuclei become 
enlarged very great extent, the sperm become vacuolated 
and disintegrate but the eggs are not fertilized; they never cleave 
normally and larve appear the cultures. 

great claims can made that these eggs have suffered 
the initial changes fertilization for case has the writer 
recorded seen typical membrane produced result 
exposure higher than normal temperatures. The eggs how- 
ever remain intact and exhibit power fertilization even 
though they become literally loaded with sperm. Immediately 
must face the question, why they not What 
the character the change the makeup the egg? 

Loeb has gone far say that development impossible 
account death. found that merely warming sea 
urchin eggs 34° 35° the formation typical fer- 
tilization membrane can often, but not always, induced. 
the eggs are then cooled quickly, cytolysis follows. Such 
eggs are longer capable development, since temperature 
34° kills Loeb’s only criterion death failure 
develop after the addition sperm. such argument 
one could prove that eggs following complete membrane pro- 
Artificial Parthenogenesis and page 185. 
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duction induced artificial means were also dead, but 
well known fact that short exposure hypertonic solution 
results the production swimming larve. Sperm enter the 
eggs after membrane production but yet not cause develop- 
ment. Likewise they enter heated eggs and are also ineffective. 
Von found that heating unfertilized sea urchin 
eggs 41° led practically instantaneous cytolysis. But 
heated 35° for minutes they not cytolize but remain 
intact for considerable length time. These eggs then are 
not dead: the very fact that sperm enter them and are found 
all levels bespeaks living condition. These eggs then 
develop because they are dead but because some change has been 
induced that renders impossible the reaction between egg and 


sperm. shall consider this change more thoroughly 
Sec. 


AND FERTILIZATION. 


Introduction and Discussion. 


the preceding section have caused 
certain conditions within the egg that have rendered incapable 
being fertilized, yet case can conclude that the eggs 
are dead. The initial conditions however can not doubt 
have been changed; the egg system has been modified until 
physiologically different from the normal egg. 

Previously the results analogous conditions have stopped 
with morphological description the condition and guess 
what happening. The debut the fertilizin hypothesis 
however allows step farther: allows not only 
postulate certain conditions but also test for the condition and 
prove disprove the hypothesis. 

pointed out the introduction the basis this theory 
rests upon the presence substance secreted the normal 
egg. This substance, fertilizin, considered playing the 
active fertilization. Activation this substance held 
the introduction and the essential step the start 
the processes reactions involved the process. was 
further pointed out that this agglutinating principle the 
supernatant fluid was not present experiments which 
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unripe eggs were used where fertilized eggs, eggs possessing 
full membranes, were being used. all these cases the egg was 
entirely unresponsive the active principle sperm and Lillie 
was led that substance necessary for fertiliza- 
then this substance bound neutralized when the 
egg fertilized has been activated artificial means should 
not expect obtain any agglutination action from cases where 
the fertilization reaction was entirely absent; but where fertiliz- 
able eggs are present should able detect the fertilizin.! 

The writer has carried out large number experiments with 


eggs variously modified agents, natural and artificial, see 


were possible establish curve fertilizin exactly parallel 
that the curve fertilization. was however realized 
very early that such was not possible due large part factors 
that enter secondarily. page 545) has called atten- 
tion the fact that destruction part the eggs given 
lot leads the liberation substances that act antagonistically 
toward fertilizin. From experiment giving very consider- 
able agglutination reaction one obtains complete absence 
the tube containing the eggs shaken slightly causing eggs 
disintegrate. Some substance within the egg acts such 
way that masks the presence fertilizin. this antagonistic 
substance Lillie has applied the name anti-fertilizin. Extracts 
secretions containing this substance not reveal their true 
content table (p. 546) shows the reaction 
such solution. dilution the supernatant fluid 1/320 
gives strong agglutination the same extract undiluted, 
but this not true secretion from fresh eggs. The aggluti- 
nation reaction function the concentration fertilizin 
the normal case but not when anti-fertilizin present. 
The supernatant fluid from eggs exposed butyric acid for 
2-5 minutes usually quite colored due broken down eggs 
and the escape substances from within the egg. After the 
prolonged butyric acid treatment substances gradually escape 
from the egg due doubt the increased permeability the 
must not confused instances where for purely physical reasons sperm 


are barred from entrance eggs. all the above circumstances have seen 
from cytological preparations that sperm actually enter these eggs large numbers. 
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egg surface. This well illustrated microscopical examina- 
tion eggs allowed stand after treatment well their 
behavior upon the addition sperm. The following experiment 
will instructive. 

Experiment. 


8:45 A.M. eggs collected, washed, divided into lots 
A.M. A.M. exposed butyric acid for minute. 


control. 


and poured into liter alkaline sea water stop 
action the acid and all were transferred, 9:15 A.M., normal 
sea water, and allowed stand room temperature. Samples 
were removed stated times and inseminated. The results 
these inseminations, made within six hours after exposure 
butyric acid, are given Table III. 


TABLE III. 

| Rens from Stock and Percentage of 

Inseminated, Percentage of Cleavages. Swimming ve. 


can readily see that conditions are becoming changed gradu- 
ally; the capacity being gradually reduced and 
substances diffuse from the eggs revealed the microscope. 
This diffusion substances from the egg interferes very markedly 
with the agglutination reaction but despite these conditions very 
significant results have been obtained. 

reporting these experiments the writer has adopted the 
terminology and method devised Lillie and needs only 
here review again the employed and very 
briefly restate the 


more detailed account the methods see Lillie, '14, Study VI. 
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Fertilizin obtained normally sea water that has stood 
over quantity Arbacia eggs test tube. The substance 
liberated from the egg and passes out into sea water until the 
latter becomes highly charged with the egg secretion. 

Sperm suspensions used indicators are made from 
the stock per cent. suspension was 
used drop dry sperm drops sea water) and mounted 
slide beneath raised cover slip the stage microscope, 
and the supernatant fluid tested blown into the suspension 
meansof fine capillary pipette, connected with flexible 
rubber tube held the mouth, while the sperm are focus 
under low power the microscope. 

conducting the series washings, sea water was added 
eggs graduated tube and the volume eggs and sea water 
denoted the numerator the fraction; the denominator 
represents the volume eggs and sea-water remaining the 
tube after the supernatant fluid has been removed. Each time 
after the addition sea water, the tube was slowly inverted 
six times insure thorough mixing the eggs and 

Some investigators have offered certain objections the 
current interpretations the agglutination reaction well 
the facts encountered. Thus Loeb persistently contends, 
even the face definite proof the contrary, that fertilizin 
not secretion the egg but only found the clear jelly 
layer surrounding the egg. The present results however entirely 
confirm Lillie’s contentions that eggs totally deprived this clear 
jelly layer continue liberate fertilizin very great quantities. 
This jelly layer almost entirely disappears from the surface 
the egg after three-second exposure butyric acid and 
entirely gone after five seconds; yet eggs exposed the acid 
for two five minutes longer, and thoroughly washed 
several changes water, still continue produce the aggluti- 
nating substance. Neither does take “fertilizin partisan,” 
Loeb has suggested, see it. The writer has demonstrated 
the reaction numbers investigators the Marine Biological 
Laboratory who had never before observed the longer, more 
intense, reaction secretion from untreated eggs. Indeed 
page 
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very difficult obtain lot eggs following fertilization 
membrane production that not give slight trace fertilizin. 
Seldom has the writer obtained high 100 per cent. nor- 
mally fertilized eggs eggs possessing butyric acid membranes, 
and unless this realized there will still eggs present con- 
tinuously secreting this substance; and since very few eggs 
produce enough readily detected one may led into 
erroneous interpretation results. One must know the con- 
dition the eggs with which dealing. may repeat 
again—the difficulty lies not being able obtain the reaction 
but producing condition mature eggs which fertilizin 
entirely absent. 


Conditions Where Eggs May Partially Fertilized. 


The following experiment very instructive and gives the 
essential conditions eggs few different points the curve 
fertilization. such experiments have been performed, 
each somewhat varied the lengths butyric acid exposures 
yet the general results have always been the same. 

July 22. Eggs collected and washed, and divided into seven lots. 

Control. 

Butyric acid exposure seconds—all jelly gone. 

Inseminated. minutes later, short butyric acid exposure 

dissolve jelly. 

Butyric acid exposure seconds—85 per cent. membrane 

Butyric acid exposure minutes, membranes produced. 

Butyric acid exposure minutes, membranes produced. 

Butyric acid exposure minutes, membranes produced. 

After butyric acid treatment all were poured into alkaline 
sea water stop action acid, and collected graduated 
cylinders. 0.5 c.c. eggs after treatment; 0.8 c.c.; 0.9 

10:30 A.M. began series washings (Table IV). 

will noted this series eggs that every case with 
the exception lot fertilization possible least limited 
extent, and that all, fertilizin was still being produced after 
eight washings, yet none these eggs possessed trace the 
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TABLE IV. 
| | 
0.5 1.0 1.2 1.4 0.9 0.8 
Inseminated 2.35 
1.2 0.8 0.6 0.4 
sec. sec. 


transparent jelly except the control lot. eggs which 
sperm had been added, only per cent. had been fertilized. 
There were then per cent. the eggs still capable producing 
fertilizin and see that ten-second reaction was given after 
the eighth Neither this due the presence 
jelly for this had been dissolved means short butyric acid 
exposure. many the experiments the jelly was destroyed 
shaking the eggs few times test tube before the series 
washings had begun; the jelly very easily removed this way 
and all cases where appreciable number eggs were not 
fertilized the agglutination reaction could obtained.‘ 

Eggs part, sea water, parts. 

Cleavage was irregular and cytolysis beginning many, that the count 


probably far from correct. Only very small per cent. ever reached the larval 
stage where even slight amount motion was discernible. 

many lots eggs especially resistent sperm practically high ag- 
glutination action was obtained eggs easily fertilized. Lack fertilization 
evidently due physical conditions that prohibit entrance sperm. When 
100 per cent. fertilizations are obtained agglutination found, provided 
that the time limit fertilization complete and also that the eggs have been 
deprived their jelly that saturated with fertilizin liberated from the egg. 

must emphasized that one should use only freshly prepared sperm sus- 
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Supernatant fluid and eggs the experiment was 
quite decidedly colored escaping pigment from broken down 
injured eggs. the lot fertilization was much more nearly 
that the normal process than was G—approximately 
per cent. swimming were noted while only 
very small per cent. (10 per cent. per cent.) were found 
the lots that were given longer butyric treatment; yet see 
little difference the intensity the agglutination reaction. 
The tests are complicated the entrance the secondary sub- 
stances diffusing from the eggs. study these conditions 
may reveal striking results. The writer has been entirely unable 
produce curve fertilizin production that will run parallel 
that fertilization. One fact, however, noted with 
emphasis. case has ever obtained fertilization the 
eggs Arbacia when the fertilizin reaction was negative. 
Whether this will always hold true remains for further investi- 
gation prove. 


Conditions where Fertilization Absent. 


Since the hypothesis fertilizin production holds good for 
all cases fertilization the curve where cleavage follows 
fertilization, the writer was anxious know served equally 
well possible indication the internal conditions eggs 
that would not fertilize. have seen these experiments 
three instances treatment that prohibit fertilization; penetra- 
tion sperm was not prohibited for have seen each the 
cases (1) optimum exposure butyric acid and subsequent 
destruction membranes; (2) prolonged exposure butyric 
acid (10 minutes); and (3) exposure temperature 35° 
for minutes, that sperm entered considerable numbers. 

Does fertilization then depend upon the presence fertilizin? 

The results observations all three conditions answer 
this the affirmative. When eggs are given the optimum 
butyric acid treatment and full membranes are produced fer- 
tilizin not detectable the supernatant fluid such eggs after 
few washings. 


pensions made from dry sperm that has not been standing long, especially 
the original quantity small. Suspensions should not older than five minutes 
ten minutes most, delicate results are desired. 


: 
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Lillie has already given proof this shown his 
Table VII, page 560. The present results, however, confirm his 
assertions that wherever fertilizin absent the fertilization 
capacity also entirely lacking. typical experiment, one 
large number performed, will give the results the whole series 
conditions which the eggs would not respond the influence 
sperm. 

Experiment 65. August 26, 

9:00 A.M., eggs collected, washed and divided into three lots 
and 

Exposed butyric acid for minutes and returned alka- 
line sea water neutralize acid. 

Exposed sea water 35° for minutes, shaken very 
gently free from surrounding jelly. 

Exposed butyric acid for seconds, returned alkaline 
sea water stop action acid. per cent. eggs 
produced membranes. 

Eggs collected into graduated cylinders and volume egg 
noted. 

10:20 began series washings. Results given Table 

Thus each the three cases cleavages occurred and 
fertilizin being produced. The butyric acid exposure 
minutes this experiment much longer than necessary 
prevent fertilization was learned later. But experiments 
where much shorter exposure was employed, and small 
percentage cleavages were present, fertilizin was present. 

all instances then which eggs have been artificially altered 
their fertilization capacity have seen the absolute corre- 
spondence the presence absence fertilizin. the above 
instances may use the agglutinin reaction test for the 
capacity fertilization. The writer does not wish under- 
stood maintaining that other processes are involved 
these conditions but whatever condition have encountered 
the egg, was found actively secreting fertilizin, fertiliza- 
tion has been possible least some extent; wherever fertilizin 
was absent were never able obtain fertilization. The 
correlation very close one and one appearing great 
significance. 
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TABLE 
1.0 1.0 2.0 
“ } 5 3 | 10 
1.5 1.5 2.0 


VI. 


presenting the results obtained during the two previous 
summers, the writer has employed largely the terminology 
the fertilizin hypothesis; other theory seems capable 
offering explanation the facts they have been revealed 
experiments. have seen Section III. that the lysin 
theory fertilization has been entirely disproved the very 
and methods that were used formulating the hypo- 
thesis. the other hand all the results obtained find ready ex- 
planation terms the fertilizin hypothesis. have pre- 
viously noted the quantitative aspects fertilization the 
case the fertilization curve after butyric acid parthenogenesis 
(Sec. Wherever there development, certain substances 
within the egg have been activated either artificially 
the activation has been initiated sperma- 


for freshness sperm with unknown strength sec. 
reaction. 

Control for freshness sperm with unknown strength fertilizin—7o sec. 
reaction. 

not assume that the egg contains all the essentials for development 
and that these are started their various activating agents, 
have explanation for parthenogenetic development, normal artificial. 
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complete, and bars further activation; but acti- 
vation artificial agents arbitrarily select the given condi- 
tions, and these are not the optimum conditions complete acti- 
vation not obtained. This evidenced the further reaction 
with the sperm, results very abnormal develop- 
ment. The main question issue is: Can fertilization 
posed parthenogenesis? 

the natural history egg there appears first period 
which fertilization not possible, even though sperm enter 
the eggs. say such eggs are not mature. Usually also 
this period artificial initiation development impossible. 
Conditions are not such will permit even start the 
developmental processes. This non-fertilizable condition 
followed changes (maturation) that lead condition 
which fertilization the normal behavior. some eggs this 
condition retained but short while and others for longer 
period. both cases however the eggs become immune the 
effect sperm shortly after fertilization occurs; they have 
returned non-fertilizable condition. 

Lillie has determined that the time the capacity fertiliza- 
tion gained the substance fertilizin present very large 
quantities and that long this substance being liberated, 
fertilization normally follows the entrance sperm. When once 
this process has occurred, further fertilization absolutely im- 
possible; also fertilizin longer being produced the egg. 
this substance completely washed out normal, ripe eggs 
they can not 

The studies Just very clearly reveal the loss 
some substance that escapes from the egg Platynereis 
changed into inactive form extremely short exposure 
sea water. After such exposure the eggs, spermatozoa 
may enter and call forth very slight changes more less charac- 
teristic normal development, but are yet entirely unable 
lead cleavage stages and later development. The eggs 
have returned non-fertilizable condition obviously due 
the absence some substance which must present the 


fertilization reaction carried out completely. 
Lillie, 
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the experiments here presented have clearly depicted 
set conditions, each somewhat different from the others, 
that reveal gradations from the normal condition the boundary 
line the possibilities, and even complete absence the 
fertilization reaction. have indication that the processes 
activation resulting complete membrane production are 
different, any the different methods which may 
called out. But two things see common (1) the non- 
fertilizible condition the produced the addi- 
tion sperm result artificial stimulation and (2) the 
absence fertilizin. While eggs are this non-fertilizable 
condition sperm may enter them great numbers, but are not 
more efficient producing further developmental phenomena 
than the case unripe eggs. 

see further that exposures the same substances used 
call out membranes can conducted that membranes are 
produced (indication quantitative phase activation) and 
that the addition sperm does permit certain amount 
development; but this development usually very widely separ- 
ated from the normal. all instances where treatment with 
these agents permits any effect the all, 
fertilizin has been present quantities sufficiently large 
detected its property agglutinating sperm. 

Also exposing ripe eggs butyric acid, both for the opti- 
mum time produce membranes, and for prolonged exposure, 
conditions have been produced which the eggs appear normal 
but yet addition sperm does not result development. 
have determined that sperm penetrates these eggs but are never- 
theless ineffective; fertilization entirely lacking. Also these 
instances have always encountered absence fertilizin. 
Thus fairly well established that wherever fertilization 
possible fertilizin present. With this thoroughly indicated 
the answer our question—Can fertilization superposed 
upon parthenogenesis—is very easily When 


appears that some artificial agents have the power calling forth certain 
amount development without inducing cortical changes the egg. Hypertonic 
sea water, shown Loeb, certain instances may development but 
not always capable doing so. Just what conditions are necessary for its 
action are still not well understood and shall defer any discussion its effects 
until later date. 
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exposure eggs artificial agents has result, the imitation 
the effect spermatozoén that full membranes are produced 
around the egg, when activation fertilizin has been completed, 
superposition fertilization impossible. the activation has 
been completed all fertilizin has been rendered inactive and 
has effect upon the condition the egg leading 
further development. 

The seems, able produce its normal 
effect, must enter into the developmental reactions the be- 
ginning. Whether some substance from the.sperm forms union 
with fertilizin, that paves the way for normal reaction, 
yet problematical, but evident from these experiments and 
others that sperm must enter the egg the normal way 
normally effective. 

Thus fertilization appears very decidedly, continuous 
process each step leading the next. the first steps are 
artificially initiated, spermatozoa entering, either not become 
effective all doing normal processes deviate decidedly 
from their natural course that developmental results usually 
depart very decidedly from the the first steps leading 
fixation fertilizin are artificially initiated and completed, 
insemination, even the spermatozoon penetrates the egg, has 
effect. these first steps are incomplete and some fertilizin 
remains unbound, partial fertilization may result all degrees, 
evidenced the abnormal course cleavage and develop- 
ment. 

VII. Summary. 

Normal Arbacia eggs exposed butyric acid (50 c.c. sea 
water 2.8 c.c. butyric acid) and subsequently fertilized, 
reveal curve fertilization falling from the normal reaction 
the optimum exposure butyric acid for membrane production: 
rising from the optimum exposure (20 sec.) over-exposure 
minutes; and again falling off until further fertiliza- 
tion possible—about minutes. 

Eggs having been exposed for the optimum time butyric 
acquired unfertilizable condition. the mem- 
branes are completely removed, sperm enter the eggs but not 
lead development. The eggs, though sperm have entered 
them, are not fertilized. 
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Sperm having entered these eggs appear only foreign 
bodies. They not cause the production asters, nor are 
cleavage spindles produced. 

The lysin theory fertilization found inadequate 
explain the results. 

Eggs over-exposed butyric acid are still capable 
certain amount fertilization, though the process usually 
very abnormal. membranes are produced. Polyspermy 
extremely frequent. 

Exposure butyric acid for ten minutes leads non- 
fertilizable condition the egg. Sperm enter but are non- 
effective and non-effected. 

Eggs subjected temperature 35° for minutes 
are rendered Sperm enter the eggs, part 
disintegrating fragments, part forming large clear vesicles 
and part apparently remain unaffected. 

Where fertilization possible fertilizin has always been 
found present. Where fertilization not possible fertilizin has 
never been found. 


The quantitative aspect fertilization very definitely 
indicated. 


10. Superposition fertilization upon parthenogenesis, where 
activation has been complete (indicated full membrane pro- 
duction and absence fertilizin) impossible. 

Where activation parthenogenetic agents has been only 
partially completed, partial fertilization yet possible, but 
development usually abnormal. 

April 15, 1916. 
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EXPLANATION PLATE. 


Fic. 1a. Curve fertilization following butyric acid treatment. The ordi- 
nates represent percentages fertilization measured cleavages, and the 


abscissae the length exposure butyric acid seconds. The curve 
pleted Fig. 


Fic. 1b. Completion curve fertilization following butyric acid treatment. 
For first part curve see Fig. 
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STUDIES THE PHYSIOLOGY REPRODUCTION 
THE DOMESTIC FOWL. 
XVI. DOUBLE 


MAYNIE CURTIS. 


Among the eggs the domestic fowl egg which contains 
another egg quite rare, but one specimens have 
been observed most persons who have handled large numbers 
eggs. This phenomenon has excited the interest poultry- 
men and scientists and number specimens have been de- 
scribed the agricultural and scientific literature. The purpose 
the present paper describe several specimens observed 
the Maine Agricultural Experiment Station which have been 
laid have been found partly formed within the oviduct 
autopsy and discuss the formation these abnormalities 
from the physiological point view. 

Parker (12) published extensive bibliography the 
subject and discussed some length the recorded cases 
connection with four cases which had himself observed. 
Von Durski (6) also cites number other cases collected from 
the literature and gives bibliography. Summarizing these 
cases briefly arrive the following conclusions: 

Either normal egg dwarf egg which contains little 
yolk may enclosed with normal yolk second set 
normal egg envelopes. The included egg may lie near the 
yolk the including egg may enclosed only the outer 
layers albumen. 

normal egg envelopes without any yolk being present the 
enclosing egg. 

When the included egg has blunt and pointed end 
which are distinguishable, always lies with its pointed end 
toward the pointed end the including egg. 


Papers from the Biological Laboratory the Maine Agricultural Experiment 
Station No. 97. 
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When yolk present the including egg always lies 
toward the blunt end, while the included egg occupies the 
pointed end. 

These facts indicate that normal dwarf egg which has 
passed through the duct far the isthmus (when the in- 
cluded egg only membrane covered) shell gland (when 
has hard shell) may returned the duct without reversing 
the poles its long axis. Somewhere, usually the albumen 
the direction may again reversed. the succeeding 
egg already forming the duct the egg which has been forced 
back lies the duct posterior this. the forming egg 
completes itself enclosing its predecessor the enclosed egg will 
necessity lie the pointed end and the extent that im- 
bedded within the albumen the enclosing egg will depend 
the level the duct where the two eggs unite. there 
second egg the duct the egg which has been returned may 
stimulate the duct the secretion the egg envelopes. 

The sixteen double, enclosed eggs which have had the 
opportunity examining include specimens which show many 
interesting peculiarities. They will, therefore, described 
individually. They may, however, classified according 
their general structure into (1) double eggs with the enclosing 
egg normal egg and (a) the enclosed egg also normal, the 
enclosed egg dwarf egg; and (2) double eggs which the 
enclosing egg does not contain yolk but simply set egg 
envelopes enclosing normal egg, (b) dwarf egg. 


This group includes specimens 
(a) The Enclosed Egg Also Normal Egg Specimens and 
Specimen (Plate was produced the Maine Station 
poultry plant. The external appearance this egg was that 
large membranous sac distinctly pointed. the blunt end 


Gruvel (7) describes case where the included egg lies between the egg mem- 
branes the including egg indicating that the returned egg came upon its successor 


the isthmus instead within the albumen region, all the other cases known 
the author. 
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the sac was continued into stalk about the size the index 
finger. The sac and appendage were covered with very thin 
layer shell. The membrane was ruptured the foot 
the stalk, exposing large area the shell the normal egg 
which was included. The torn edges membrane were stuck 
tight the shell the included egg apparently the thin 
layer shell which covered the membrane. There were also 
folds the membrane the foot the stalk and the inner 
parts these folds were not covered with shell. Apparently this 
rupture and folding the membrane took place before the 
shell the enclosing egg was formed. will noted that 
the enclosed egg lies entirely one side with its pointed end 
toward the pointed end the enclosing egg. the pointed 
end the enclosing egg there fresh rupture. From this 
albumen and yolk were protruding when the egg was found. 
The yolk had been broken but appeared have been normal 
yolk. The stalk was still filled with albumen. Evidently 
this rupture had occurred when the egg was laid and was 
doubt due the large size the egg. The enclosed egg was 
normal all respects. Apparently this normal egg had been 
forced back the oviduct without reversing its polarity. 
apparently met the succeeding egg the posterior end the 
albumen secreting region since evidently lay quite outside 
the albumen this egg. The shape the enclosing egg indi- 
cates that the two eggs passed through the isthmus side 
side. There was membrane around the enclosed egg. That 
did not receive membrane when passed the duct. 
Specimen (Plate II. and Figs. and was presented the 
Station Mrs. Ethel Pike, Winthrop, Maine. Several 
days elapsed after the egg was laid before reached the Station 
laboratory. The egg was well protected but some evaporation 
had evidently occurred there were folds the enclosing mem- 
brane which was without shell. Within this membrane lay two 
normal eggs with their long axes parallel. One these was 
normal egg enclosed egg membrane and shell. The other 
was normal yolk enclosed normal albumen envelope. 
There was shallow layer thin albumen common the two 
eggs. will seen the photograph that the folds the 
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enclosing membrane were all the part which covered the naked 
egg the shell the included egg maintained the shape that 
part the outer membrane which covered it. the case 
specimen number the normal egg was evidently returned 
the duct meeting the succeeding egg the lower part the 
albumen secreting region. The two then passed back through 
the isthmus, with their long axes parallel each other. Whether 
not they were also parallel the long axis the duct im- 
possible tell since the complete egg was not pointed. this 
case also there was membrane surrounding the shell the 
enclosed egg. That is, did not receive membrane 
passed through the isthmus. 


(b) The Enclosed Egg was Dwarf Egg Specimens and 


Specimen was produced the Maine Station poultry plant. 
had the external appearance double-yolked egg with 
normal shell membranes and shell. The dimensions this egg 
were: length 72.1 mm., breadth 46.0 mm., and weight 82.0 gm. 
opening the egg was found contain its blunt end 
normal yolk which weighed 18.06 gm. and its pointed end 
small spherical soft-shelled dwarf egg which weighed 13.07 gm. 
photograph the contents this egg shown Plate 


Fic. Diagrammatic sketch showing the structure double egg No. 
dwarf egg composed four concentric dwarf eggs; normal yolk; 
albumen; chalazal-like fibers; egg membrane; shell. 


Fig. and diagrammatic sketch its structure shown 
Text-figure 


The dwarf egg lay the pointed end and the yolk the 
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blunt end the enclosing egg. The fact that the dwarf egg 
enclosed only the outer thick albumen layers may readily 
seen from the photograph. chalaze were visible the 
enclosing egg. The structure the dwarf egg was quite com- 
plex. consisted series four concentric egg membranes 
separated from each other layers clear thick albumen. 
Within the inner membrane was mass chalazal-like coagula- 
tion fibers surrounded thick albumen. Attached one end 
the innermost egg was mass coagulation fibers. There 
was shell any the egg membranes except the outer one. 
The structure this egg indicates that very small dwarf egg 
passed back from the isthmus the albumen-secreting region, 
acquiring some chalazal fibers and small amount albumen. 
then passed into the isthmus, received another membrane, and 
was then returned the albumen-secreting region, where 
received another albumen layer. Passing again the isthmus 
received its third membrane. was again returned the 
albumen region where received another layer albumen. 
then passed through the isthmus into the shell gland receiving 
egg membrane and thin layer shell. was then returned 
again the lower portion the albumen-secreting region where 
met normal yolk surrounded several layers albumen 
and became enclosed with this few layers albumen and 
egg membrane and shell. The fact that the albumen separating 
the concentric egg membranes the enclosed dwarf egg was 
each case the clear thick albumen, secreted far known 
only the albumen secreting region, compels the conclusion 
that the egg passed from isthmus albumen-secreting region 
several times. This indicates considerable disturbance the 
normal movements. the nature this disturbance 
the egg record the bird shows that was temporary char- 
acter, since the bird had been producing and continued pro- 
duce normal eggs regular series. The double egg was the 
first egg two egg clutch. followed four-day non-pro- 
duction period, the last day which the bird nested but did 
not lay. 

Specimen was brought the Maine Station biological 
laboratory Dr. Johannsen. The egg had been broken 
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for domestic use, that its internal arrangement could not 
certainly ascertained. was practically normal size 
and contained normal yolk and very small dwarf egg which 
weighed gm. This dwarf egg contained small piece 
hardened secretion about the size pinhead surrounded 
layers albumen which were distinctly visible transmitted 
light. The membrane the dwarf egg was quite thick and the 
shell very thin. After short stay the shell gland the dwarf 
egg had apparently been returned the albumen-secreting 
region without receiving membrane its upward passage. 
Here met and became enclosed the succeeding egg. 
Specimen was brought this laboratory Mr. 
Smith. This egg had been broken for laboratory purposes. 
said that the egg was normal external appearance and 
average size. did not note the relation the internal 
structures the poles the egg. The egg contained normal 
yolk. Separated from this few layers thick albumen 
was worm-like membrane-covered dwarf egg. This dwarf egg 


Fic. Diagram showing structure dwarf eggs No. albumen; 
yolk droplets. 


was bent around the yolk. The yolk and dwarf egg were in- 
cluded common albumen envelope. The structure this 
egg shown Fig. The resemblance the dwarf egg 
simple organism some kind was striking. Running through 
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the middle was string coagulation fibers like untwisted 
chalazal threads. Mixed with these certain points were small 
droplets yolk. The membrane covering the dwarf egg was 
complete one end and open the other. The albumen 
surrounding the chalazal-like core was thick. The chalazal 
core surrounded thick albumen continued beyond the mem- 
brane the open end. This naked portion separated definitely 
from the surrounding albumen when the dwarf egg was taken 
from the albumen. Evidently this cylindrical dwarf egg had 
passed partly into the isthmus and had then been returned 
into the albumen region where became enclosed the suc- 
ceeding egg. 


ENVELOPES WITH APPARENT NUCLEUS 
EXCEPT THE ENCLOSED EGG. 


(a) The Enclosed Egg was Normal Egg Least Had Normal 


Specimen was laid normal bird belonging the Maine 
Station flock. external appearance resembled large hard- 


Fic. Diagram showing the structure double egg No. albumen; 


shelled double-yolked egg. diagram showing the structure 
this egg Fig. The entire egg weighed 94.74 gm. 
When the egg was opened was found contain membrane- 
covered egg surrounded layer thick and layer thin 
albumen. This albumen weighed 57.39 gm. The weight 
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the shell was gm. The enclosed egg weighed 29.36 gm. At- 
tached one pole the enclosed egg the inner layer 
thick albumen was white mass which close examination 
appeared triangular piece egg membrane. The en- 
closed egg was membrane-covered. Its contents resembled 
normal egg appears while the upper part 
the albumen-secreting region the oviduct. That is, con- 
sisted large yolk (weight 23.16 gm.) surrounded thin 
layer very thick clear albumen which adhered closely the 
yolk. This albumen weighed only 5.57 gm. The enclosed egg 
was distinctly pointed and lay with its pointed end toward the 
blunt end the enclosing egg. has been noted that all 
the cases described and reviewed Parker (12) when pointed 
end was distinguishable both included and including eggs the 
pointed end the former always lay toward the pointed end 
the latter. this particular, therefore, the above described 
case differs from those known Parker. Since specimen No. 


Fic. Diagram showing the structure double egg No. albumen; 

also shows the poles the included egg the reverse direction 
those the including egg, this case will described and 
the reversal axes will then discussed. 

Specimen No. was brought this laboratory Dr. 
Morse. This egg was large membrane-covered egg with short 
tubular attachment. diagram showing its structure given 
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Fig. contained normal hard-shelled egg surrounded 
thin layer albumen! which extended into the stalk. The 
pointed end the included egg lay toward the stalked end 
the including egg. The including egg did not show per- 
ceptible pointing the end opposite the stalk but 
distinctly pointed stalked eggs have been observed this labor- 
atory. all cases the stalk occurred the blunt air cell 
end the egg. Two stalked and pointed double eggs have 
occurred (see Plate and Text-fig. and these cases also 
the stalk was the blunt end. Further eggs have been found 
the oviduct which had not rounded off completely the end 
toward the funnel but were trailing stalk albumen. 
case has egg been observed the duct which was not rounded 
off the end which was toward the caudal end the duct. 
few words regard the processes involved shaping the egg 
seem necessary this point. 

Before the egg receives its egg membrane fluid body 
which tends take spherical form. becomes elongated 
the direction the long axis the oviduct due the fact 
that the diameter the oviduct smaller than the diameter 
the egg maintained spherical form. The outline 
egg sometimes nearly elliptical indicating that the duct 
did not offer much resistance the egg when the peristaltic 
action the duct walls forced forward. More often, how- 
ever, one end the egg distinctly more pointed than the 
other. This distinction between the two ends seen many 
the membrane-covered eggs found the isthmus autopsy. 
seems probable that the relative tension the longitudinal 
and circular fibers the duct wall the time the egg receives 
its membrane the most important factor determining the 
shape the egg. the longitudinal fibers the wall the 
duct ahead the egg not contract enough considerably 
enlarge the duct the contraction the circular fibers behind 
forces forward, the egg will meet with considerable resistance 
and will tend become pointed. all cases observed where 
egg the isthmus had its poles differentiated the pointed 


the egg had been preserved per cent. alcohol, the albumen was coagu- 
lated and its normal consistency could not observed. 


q 
q 
q 
4 
4 
4 
q 


MAYNIE CURTIS. 


end the egg lay toward the caudal end the far 
know egg becomes pointed the pointed end always 
the end away from the funnel end the oviduct. For con- 
venience may speak the end which first passed down the 
duct the anterior end and the opposite end the posterior 
end the egg. egg which distinctly pointed the an- 
terior end the pointed end and the blunt end the posterior 
end. From the facts cited the preceding paragraph 
practically certain that the presence stalk attached one 
end egg also differentiates the poles, the stalked end being 
the posterior end. 

specimens and the anterior and posterior end both 
included and including eggs were differentiated. Both included 
and including egg specimen were pointed. The including 
egg specimen was stalked. both and the anterior 
(pointed) end the included egg lay toward the posterior (blunt 
stalked) end the including egg. Parker pointed out that 
the location the pointed end the included egg the pointed 
end the including egg indicates that the included egg has been 
forced the duct without reversing its poles. Patterson (13) 
describes double egg which the long axis the enclosed 
egg meets the long axis the enclosing egg oblique angle. 
account this inclination the enclosed egg its pointed 
end lies nearer the blunt than the pointed end the en- 
closing regard the significance this unusual ori- 
entation Patterson says unusual position the enclosed 
egg doubtless has been brought about crowding and does not 
indicate necessarily that was first incorrectly oriented.” 
However, the observance cases and where the anterior 
end the enclosed egg lies toward the posterior end the 
enclosing egg, indicates that the reversal the poles the 
enclosed egg sometimes occurs. The small diameter the 
oviduct when compared the length the long axis the egg 
raises the question, How can this reversal take place? 

has been stated that when pointed egg was found the 
isthmus all observed cases the pointed end was caudad. This 
position reference the axes the duct was also maintained 
large per cent. the eggs which have been found the 
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shell gland autopsy have been found partly extruded from 
the cloaca cases egg-bound birds. However, have 
observed few cases where the egg the shell gland partly 
extruded was blunt end caudad. Moreover, series obser- 
vations carried this laboratory confirm (1) 
statement that the pointed end the egg usually laid first 
but that occasionally the blunt end comes out first. 

Since far know the egg always formed with its 
pointed end caudad but sometimes laid blunt end first seems 
probable that the latter cases the egg turns the duct. 
this connection the results some rough preliminary 
ments investigation the mechanism laying are 
interest. During routine autopsy work hard-shelled eggs found 
the shell gland were forced out pressure from behind. 
Usually the eggs passed directly backward and out pointed end 


Fic. Diagram showing egg the shell gland. D.L. Dorsal liga- 
ligament. 


first, but several times the pointed end turned dorsad and the 
egg reversed ends. Continued pressure then forced the egg out 
first. Fig. shows diagram the egg the uterus. 

pressure applied that the pointed end pressed directly 
into the opening the vagina ventral the thin fold 
the egg comes out pointed end first. However, pressed 
against the uterine wall slightly dorsal the vaginal opening, 
the point slips along this curved caudodorsal angle the uterus 
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and the egg reverses ends. the region the uterus the 
ventral ligament becomes thick band muscle fibers from 
which fibers extend over the uterus, some them reaching the 
caudo-dorsal angle the body wall. This band muscles 
doubt important, perhaps the chief mechanism concerned 
extruding the egg. Since heaviest the ventral side 
the uterus and since fibers connect the body wall dorsal 
the opening the vagina, seems reasonable that their 
contraction normal laying may sometimes bring the point 
the egg against the uterine wall dorsal the opening the 
vagina and that such case the egg reverses ends. 

cases and the reversal the axes the included egg 
may have occurred this manner and then change direction 
the muscular action the duct may have forced the egg back 
the duct pointed end first. the albumen-secreting region 
the direction was again reversed. each these cases the 
included egg appeared the only nucleus the including 
egg and seems probable that furnished the necessary stimulus 
cause the secretion the including egg envelopes. There 
was membrane immediately surrounding the included egg. 
Evidently did not acquire one going up. 

Specimens and were found oviducts during routine au- 
topsy work. They show the processes double egg formation 
actual operation. Specimen was found the albumen- 
secreting region with its posterior end centimeters from the 
beginning the isthmus. The included egg was surrounded 
layer about one half cm. deep very thick albumen. Under- 
neath this was firm egg membrane within which was normal 
hard-shelled egg surrounded layer thick and one thin 
albumen. Evidently this egg had been forced from the uterus 
the duct the albumen-secreting region. Since there was 
membrane around the egg inside the albumen envelopes 
could not have received membrane going the albumen- 
secreting region its direction was again reversed and evidently 
stimulated the secretion albumen and egg membrane. was 
then again returned into the albumen-secreting region where 
again stimulated the secretion albumen. this condition 
was found autopsy. 
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Specimen was found with the craniad blunt end the 
included egg centimeters from the funnel mouth. The 
normal hard-shelled egg had shell membrane around the shell. 
There was albumen between the shell and this membrane. 
Either the egg had received this membrane its way 
had been carried into the albumen-secreting region and im- 
mediately back into this isthmus and after receiving 
the membrane had been carried back the duct nearly the 
funnel mouth. This had probably happened only short time 
before death, since there was albumen formed around the 
outer shell membrane. 

diagram specimen shown Fig. From the 


shell material; egg membrane; shell; normal yolk. 


figures may seen that the enclosed hard-shelled normal 
egg not entirely surrounded all the envelopes the 
enclosing egg, but the second egg membrane filled with albumen 
forms cap which covers the blunt half the enclosed egg. 
the posterior pole the egg the enclosing cap egg mem- 
brane continued into stalk also filled with albumen. This 
stalk folded down against the side the egg. The whole 
egg covered with continuous layer granular shell material. 
The stalk the including egg must have been folded down before 
this shell was secreted the under side the stalk and the 


part the egg membrane against which lay were free from 
shell. 
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this case also apparent that normal distinctly pointed 
hard-shelled egg was forced back the duct without reversing 
its poles. The question where the direction was again re- 
versed less easily decided. The fact that the pointed half 
not covered with membrane suggests that was forced only 
half way into the isthmus, this would not account for the presence 
thick albumen the cap and stalk. While Pearl and Curtis 
(13) have shown that albumen secreted the isthmus and 
uterus, they have seen evidence thick gelatinous 
albumen that found this egg outside the albumen- 
secreting region. would seem that the egg had been forced 
back part way into the albumen-secreting region and had either 
stimulated the formation albumen had met stalked dwarf 
egg coming down. Why this case membrane was not formed 
around the whole enclosed egg difficult say. While 
possible that some albumen necessary cause the secretion 
egg membrane, case above and two cases described 
earlier paper (4) have shown egg membrane closely applied 
hard-shelled membrane-covered egg with visible 
albumen between them. 

Another peculiarity this egg the position the stalk. 
Stalked eggs while infrequent are well-known type abnormal 
eggs. The stalk usually continued straight the long axis 
the egg. Sometimes more less coiled crushed down 
onto the blunt pole the egg and sometimes this position 
becomes covered with shell and forms projection more less 
resembling snail shell. How pressure from behind could cause 
the straight folding down seen specimen hard imagine. 
the egg immediately entering the uterus had its poles re- 
versed the manner described page 191 this position the 
stalk would the natural result. this the explanation, 
the reversal poles must have occurred before the shell was 
formed. The egg must then have remained the uterus for 
some time before was laid. 


(b) The Enclosed Egg Was Dwarf Egg Specimens 11, 12, 13, 
14, and 

Specimen was soft-shelled dwarf egg which weighed 11.1 

grams. When this egg was opened was found contain 
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small hard-shelled dwarf egg surrounded very thick albumen. 
This small egg had short stalk which was open the end. 
The enclosed egg including the stalk was filled with clear thick 
albumen. The stalked end the enclosed egg lay toward the 
blunt end the enclosing egg. this short-stalked 
dwarf egg had been returned from the shell gland the albumen- 
secreting region without reversing its poles and without acquiring 
egg membrane going had then evidently furnished the 
stimulus for the formation the enclosing envelopes. 

photograph specimen shown Plate III., Fig. 
This egg was much like specimen 11, but was much larger. 
The complete egg weighed 32.0 grams. Both enclosed and 
enclosing eggs had hard shells. The enclosed egg contained 
mass chalazal fibers surrounded rather thin albumen. 
One end this egg was contracted short stalk-like portion. 
There was circular area one side the end this stalk- 
like appendage which was not covered with either membrane 
shell. That is, the albumen was exposed. The enclosed egg 
weighed grams. Externally was lightly covered with 
mass chalazal-like fibers which projected from the poles into 
the albumen. the mass the finished end was small drop 
yolk and small lump hardened albumen. Surrounding 
the central mass formed the dwarf egg, yolk drop and lump 
hardened albumen with their wrapping chalazal-like threads 
were layers thick and thin albumen. The unfinished end 
the included egg lay toward the blunt end the including egg. 
Evidently without turning around the enclosed egg had backed 
the duct nearly the funnel mouth. had not acquired 
egg membrane going up. had there united with the drop 
yolk and the lump hardened albumen. these 
particles the included egg, both together, had furnished 
the stimulus for the secretion the egg parts the including egg. 

Specimens 13, and are nearly alike that one descrip- 
tion will suffice for them all. These eggs varied weight from 
12.5 15.0 grams. Each egg was hard-shelled. diagram 
No. given Fig. With slight modifications the size 
and shape the irregular mass yolk this diagram would 
represent equally well either the other two eggs. each 
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these cases the enclosed egg was membrane-covered egg with- 
out any visible distinction between the poles. each case the 
enclosed egg contained small irregular mass yolk wrapped 
mass chalazal-like threads and surrounded albumen. 
specimens and all this albumen was thick, but 
specimen both thick and thin albumen were present. 
each case the included egg had each pole bunch chalaza- 
like fibers resembling imperfect each case the 


Fic. Diagram showing the structure double egg No. 13. albumen; 


including egg contained both thick and thin albumen. Evi- 
dently each case dwarf egg which contained small amount 
free yolk was returned from the isthmus the uppermost 
part the oviduct and there furnished the stimulus for the 
formation the including egg. 

Specimen somewhat similar the three eggs just de- 
scribed. this case the included egg did not contain yolk. 
Neither were there visible its poles. That is, yolk- 
less membrane-covered dwarf egg was evidently returned 
the albumen-secreting region where furnished the nucleus for 
the including egg. 


Bopy BIRD WITH ABNORMAL OVIDUCT. 


Beside the specimens described above, specimens were 
found the body cavity bird with abnormal oviduct. 
The case has been described previous paper (4). ‘‘The 
oviduct was perfectly normal from the funnel mouth the 
posterior end the isthmus where the tube ended blindly. 
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There was shell gland vagina.” bird had normal 
ovary and the oviduct functioned far was developed. 
The eggs were then backed the duct into the body cavity 
where they were absorbed. large number empty egg mem- 
branes and eggs every stage absorption from normal 
fresh membrane-shelled egg empty egg membranes were found 
the body cavity autopsy. While most these eggs had 
apparently been normal, them were double eggs. one 
the four the enclosed egg was also double egg. Another 
one was made concentric series four enclosed eggs. 
brief description these four eggs given the original 
paper. 

The occurrence double eggs not infrequently noted 
the agricultural journals. Such eggs have usually been mis- 
taken for normal double-yolked eggs until broken for domestic 
use. The observations the arrangement the contents is, 
therefore, usually not noted. When descriptions the arrange- 
ment were attempted they have for the most part agreed with 
those described above. Pick (11), however, describes 
double egg which states that the normal yolk was the 
“tapered smaller end the egg, while the ‘bell’ larger 
end there nestled smaller egg, shell far 
know all other cases observed where egg enclosed 
another egg which contains yolk the yolk the blunt 
bell end. The egg described Mr. Pick was supposed 
“an ordinary double-yolked until “broken for domestic 
Since necessary observe very carefully the arrange- 
ment the parts egg before they are taken from the shell 
order sure the positions have not been disturbed seems 
possible that this case the record may not accurate. 
specimens and however, common egg membrane enclosed 
normal hard-shelled egg and naked egg composed normal 
yolk surrounded albumen. These two eggs lay with their 
long axes parallel. least specimen the evidence con- 
vincing that the two eggs passed through the isthmus side side. 
two eggs can come side side these cases least 
possible conceive that they may occasionally pass. such 
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case the reversal the direction the upward moving the 
hard-shelled egg after had met and passed its successor might 
result double egg with yolk the pointed end and hard- 
shelled egg the blunt end. 

Parker (12) cites cases “soft-shelled’’ eggs the body 
cavity described Davaine (5) and Landois (10). Several 
other cases are described von Durski (6). few cases 
membrane-covered normal hard-shelled eggs the body cavity 
apparently normal birds have been observed the authors. 
previous description (3) bird which backed all her eggs into 
the body cavity due the fact that the oviduct ended blindly 
the posterior end the isthmus has been briefly summarized 
page 196. has also been shown Pearl and Curtis (15) 
that eggs are found the body cavities birds killed some 
months after their oviducts have been ligated the isthmus 
shell gland. the ligature the isthmus the eggs are 
membrane-covered but all part the shell gland lies above 
the ligature some all the eggs have shells. Since the egg 
membrane and shell are formed the caudal portion the 
oviduct and since all the above cases where eggs were found 
the body cavity the funnel mouth was the only opening the 
oviduct into the body cavity, the egg must have been returned 
the duct and out through the funnel mouth after having passed 
far the isthmus shell gland. two cases the authors 
have observed hard-shelled eggs with secretion around them 
the upper portion the albumen-secreting region. Speci- 
mens No. and described above were also hard-shelled eggs 
found the albumen-secreting region the duct. these 
four cases also the eggs must have been returned from the shell 
gland. 

far know egg has never been observed moving 
the duct nor have any movements the duct been observed 
which would tend force egg that direction. has been 
generally assumed (Parker 12, von Durski, Hargitt Patter- 
son 13, and Pearl and Curtis 15) that the backward movement 
the egg due antiperistalsis. the present paper 
assumption has been made the nature the muscular 
action. seems possible that this may take some other form 
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than antiperistalsis. Hick and Visher (9) have 
lately analyzed the muscular movements which cause regurgita- 
tion the duodenal contents into the stomach and have found 
that they are not antiperistaltic character. The precise 
nature the movements the oviduct which force egg 
backward can more safely decided after they have been ob- 
served experimentally produced. examination the 
cases discussed the literature and described above give 
evidence that the oviduct glands are excited pour out 
secretion egg moving the duct. this were the case 
complete normal egg the body cavity the upper part 
the oviduct included within another egg would have re- 
versed set egg envelopes surrounding the shell. That is, 
around the shell would egg membrane. This membrane 
might separated from the shell thin albumen since has 
been shown (14) that this albumen formed the isthmus 
and uterus and taken into the egg through the egg membrane 
probably osmosis. Whether not thin albumen can come 
after the thick albumen covered completed shell not 
known. The egg normally comes ics full weight before the 
shell very thick. Surrounding the egg membrane would 
then find layer thick albumen. This not the case 
most eggs which have backed the duct. The eggs found 
the body cavity and upper oviduct rule were the same 
condition egg from the lower part the duct. case 
they were included were becoming included second set 
egg envelopes these envelopes were the same oder the in- 
cluding the included egg. That is, albumen, egg membrane 
and shell. This indicates that the envelopes were formed during 
second passage down the duct. this connection Hargatt 
(8) says: “If should queried why such deposition might 
not have taken place the ascent the egg antiperistalsis 
well during its later descent, may suffice admit that 
perhaps did occur. However, case the return the egg 
the oviduct took place soon after its original descent, the 


glandular structure would state exhaustion and hence 


capable only slight However, has been shown 
earlier investigations from this laboratory (2) that the passage 
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normal egg does not exhaust even temporarily the oviduct 
glands since both albumen and shell are heavier double- 
yolked than single-yolked eggs, while both parts are still heavier 
triple-yolked than double-yolked eggs. was further 
shown (3) that many cases the second yolk must have followed 
the first quite closely since normal egg was produced the 
day preceding the day which the multiple-yolked egg was 
laid. The time between the passage these yolks must have 
been less than the time required form complete hard shell. 
The very plausible explanation offered Hargitt does not, 
therefore, seem tenable. Two other suggestions may made 
but neither them can proven present. One that 


perhaps the oviduct polarized such extent that secre- 


tion discharged only when the stimulus advances the normal 
direction. The other that perhaps the egg moves very rapidly 
the duct and that there not sufficient time for the stimulus 
become effective. That the egg does move rapidly the 
duct suggested the fact that the birds with ducts ligated 
the shell gland the eggs with complete shells are forced 
the ducts before the succeeding yolks enter the funnels. Nor- 
mally ovulation takes place very soon after laying. 

should, however, stated that there are few cases known 
where some portion the duct has for some reason failed 
form its normal secretion around egg which has passed the 
normal direction. The two cases which have come under our 
personal observation may briefly cited. photograph 
the egg produced the first case shown Plate III., Fig. 
When the egg was found the nest the two parts were pressed 
together over the dark areas which face each other the photo- 
graph. They were held together only the thin layer 
shell which covers all the two egg membranes except the 
approximated portions. This shell cracked off when the egg 
was handled and the circular areas free from shell were exposed. 
The two eggs had apparently been flattened together but the 
membrane rounded they separated. The egg shown 
the right was normal egg with normal yolk, albumen and egg 
membrane. The other egg was normal yolk surrounded 
egg membrane. This egg contained visible albumen. When 
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the egg membrane was cut and stripped off the clean normal 
membrane was exposed. This egg must have passed 
through the albumen region the duct without receiving any 
perceptible quantity albumen. Whether this was due 
exhaustion the albumen glands rapid passage the 
yolk some other cause not known. Evidently under 
certain conditions the albumen glands not respond their 
normal stimulus even when passing the normal direction. 
failure the albumen glands not necessarily accompanied 
failure the membrane-secreting glands the isthmus. 
This egg evidently overtook the normal egg after had received 
its egg membrane but before any shell was formed. 

the other case apparently normal bird laid egg which 
consisted normal yolk surrounded albumen but without 
either membrane shell. That is, the membrane- and shell- 
secreting glands failed respond their normal stimulus. 
this case also the cause for this failure not known. 

spite what seems general rule that including egg 
envelopes are formed only during downward passage the 
egg, three cases are known which possible that the glands 
the isthmus may have been stimulated the secretion 
egg membrane egg passing the duct. Specimen was 
hard-shelled egg surrounded immediately egg membrane 
and was found the upper albumen-secreting region the 
oviduct. previously suggested, this may have received the 
egg membrane when passing may have been returned 
from the lower albumen-secreting region the isthmus and 
then again been forced the duct the position which 
However, was more than half way the albumen- 
secreting region and had not yet received any albumen. Also 
two the double eggs found the body cavity the bird with 
the congenitally closed oviduct had egg membrane closely 
surrounding the enclosing egg. either these cases the en- 
closed egg may have received the membranes going may 
have been temporarily moved caudad from the lower albumen 
region the isthmus. either these cases also possible 
that there had originally been some albumen between the en- 
closed egg and the enclosing membrane which had been absorbed. 
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previous investigation (3) attention was called the 
possibility that under certain conditions the return egg 
the duct may result the formation double-yolked 
egg. seems quite possible that the reversal the direction 
egg may more frequent than have formerly supposed. 
The result such reversal must depend the state de- 
velopment the egg when the backward motion begins, the ex- 
tent the backward movement, the rate fecundity the 
individual bird the time, etc. For example, egg which 
has not yet received its egg membrane forced backward toward 
the funnel but not expelled from the duct and then without 
meeting its successor moves forward again the only result will 
unusually large amount albumen. egg without.a 
membrane which moved the duct but not expelled meets 
its successor and returns with through the duct, the result 
will double-yolked egg. While must admitted that 
since the succeeding yolk not usually ovulated for some 
hours after egg has received membrane, yet yolks are 
certainly sometimes ovulated considerably shorter intervals. 
also possible that the tone the oviduct may sometimes 
low that egg may remain practically stationary for 
time. soon, however, the egg receives its membrane 
can combine with its successor only double egg. 
normal dwarf egg may returned the duct and may 
either expelled from the funnel into the body cavity 
any level the duct the direction may again 
the egg becomes united with its successor becomes enclosed 
with some common envelopes, the number which are com- 
mon depending the level the duct which the components 
unite. does not meet its successor becomes nucleus 
around which are formed the envelopes which are normally 
secreted below the point where the forward direction again 
resumed. thus seems that the formation double egg does 
not involve unique processes, but phenomenon results 
from certain combinations processes, most which are the 
normal processes egg formation. The abnormal factor—the 
reversal direction the egg—when greater extent results 
the expulsion the egg into the body cavity from which 
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usually absorbed without difficulty. When the reversal direc- 
tion less extent the result may normal egg with large 
percentage albumen rarely may double-yolked egg. 


SUMMARY. 


membrane-covered hard-shelled normal dwarf 
egg may returned the duct and may either meet its successor 
and return with it, becoming enclosed common set egg 
envelopes, not meeting its successor may again forced 
through the duct stimulating the secretion set egg en- 
velopes around itself. 

The number egg envelopes common the enclosed egg 
and the yolk the enclosing egg the number egg envelopes 
which surround the enclosed egg when the enclosing egg has 
yolk depends apparently the level the duct which the 
enclosed egg resumes its normal direction toward the cloaca. 

The enclosed egg usually forced the duct without 
turning its axis but occasionally the poles are reversed. 

similar reversal poles sometimes occurs normal 
laying and seems probable that both cases this turning takes 
place the uterus when the first powerful contractions the 
uterus brings the outwardly directed end the egg slightly above 
the opening from the shell gland into the vagina and tangentially 
against the curved caudo-dorsal angle the uterus. 

The enclosed egg usually precedes its successor through 
the duct and, therefore, usually lies the pointed anterior 
end the enclosing egg, while the yolk the enclosing egg lies 
the blunt posterior end. 

However, two known cases where the enclosed egg united 
with its successor after the latter had received practically all its 
thick albumen there evidence that the two eggs came side 
side the duct with their long axis parallel and one case they 
certainly passed through the duct side side with their long 
axes parallel each other and also parallel the long axis 
the duct. 

There has been one case described with the yolk the 
pointed and the enclosed egg the blunt end the enclosing 
egg. There issome doubt about the accuracy this observation 
but possible that two eggs can pass the duct. 
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hard-shelled egg uncovered membrane albumen 
sometimes found the body cavity upper oviduct while 
hard-shelled egg enclosed within another egg not usually im- 
mediately surrounded egg membrane. would, there- 
fore, seem that the egg does not cause the secretion egg 
envelopes around itself its way the duct. 

Since the case double-yolked egg second yolk 
closely following the first does stimulate the secretion the 
successive envelopes, does not seem probable that the failure 
the duct form envelopes around the returning egg due 
exhaustion the glands. 

10. The reason for this failure not known. may that 
the return the egg very rapid and that the time appli- 
cation the stimulus too short effectual, there may 
real polarity the duct that responds only down- 
wardly directed stimulus. 

11. few cases are known where one more the normal 
egg envelopes have not been formed around egg advancing 
the normal direction (for example, yolk enclosed egg 
membrane and shell but with albumen, laid egg composed 
only normal yolk and albumen). The cause for these phe- 
nomena are not known. these cases the movement the 
egg may have been abnormally rapid. 

12. The occurrence membrane-covered hard-shelled eggs 
the body cavity, the albumen-secreting region the oviduct 
enclosed within the albumen another egg shows that 
egg may moved the duct, but since egg has never been 
observed moving this direction the nature the motion can 
only imagined. 

13. The double egg results from modification the normal 
processes egg formation due chiefly reversal the direc- 
tion the egg after has received its membrane its membrane 
and shell. This backward movement must cease before the 
egg expelled from the funnel mouth and the movement the 
normal direction must resumed. 

14. the backward movement sets before the egg receives 
its membrane but stops before expelled from the funnel 
mouth and the normal direction then resumed, the result 
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will normal egg with large percentage albumen 
case the returned egg meets its successor, double-yolked egg. 
15. the backward movement egg any stage does not 
stop too soon, the partly fully formed egg will expelled 
from the funnel mouth into the body cavity. 
16. case the oviduct naturally artificially closed the 


eggs are regularly expelled forcing them out the funnel 
mouth. 


17. double egg then the result combination normal 
and abnormal processes which when combined other pro- 
portions result other abnormal phenomena egg production. 

18. egg may move backward and forward several times 
the duct shown the production egg enclosed 
within series concentric egg membranes separated thick 


albumen. 
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DESCRIPTION PLATES. 


Photograph double egg No. 


See description page 182. 
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II. 


Photographs double egg No. Fig. outside view. 
outer membrane was opened. 


Fig. view after. 
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Fic. Contents dwarf egg No. Note normal yolk and hard-shelled 


dwarf egg which enclosed only the outer albumen layers the normal 

Fic. Photograph the shells both included and including egg double 
egg No. 12. 

Fic. Photograph eggs which were separate egg membranes but which 
had been flattened against each other before the shell was deposited that they 
were lightly held together the thin layer shell which was continuous over 
their exposed surfaces. Egg the right was normal egg. 


Egg the left con- 
tained normal yolk but there was albumen present. 
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NUCLEUS CHILOMONAS 
EHRENBERG. 


WM. KEPNER AND EDWARDS, 


UNIVERSITY VIRGINIA. 


Chilomonas paramecium Ehrenberg perhaps the most com- 
mon flagellate found laboratory aquaria; but the nature 
our paper demands that describe detail the species with 
which are dealing and our methods preparation. 

Our specimens were found dense swarms laboratory 
aquaria that had stood for certain time. The specimens were 
taken from the aquarium with pipette and centrifuged. The 
infusion-water was then decanted off and the animals were next 
fixed aceto-sublimate for one three minutes and then 
washed and passed into per cent. alcohol and stained 
Delafield’s The stained specimens were mounted 
dammar. The length the fixed animals was much 
thirty microns. life the posterior end the animal some- 
what pointed and slightly bent dorsally. The anterior end 
obliquely truncated from anterior dorsal region posteriorly 
ventral side. pharynx leads from the anterior oblique end 
the body well towards even beyond its middle (Figs. 
and with this pharynx are certain small rounded 
bodies arranged eight rows, each row lying nearly parallel 
the axis the body. These bodies life appear highly re- 
fractive structures embedded within the wall the pharynx. 
Traces these are not always found our fixed material. They 
appear concentric, arched lines lying parallel the axis the 
body when our fixed material does show them (Fig. 
entsprechenden der der Furche 
der niederen Kryptomonaden und rudimentare ‘Trichocysten’ 
Trickocysten and says: scheint hier vielmehr mehr oder 


weniger funktionslos gewordene Rudimente der Schleimtricko- 
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cysten der Cryptomonaden There are also asso- 
ciated with the pharynx two flagella equal length. Eyferth 
says that these arise from the dorsal wall the pharynx; 
Jennings Fig. 72) his figure does not commit himself 
the place origin the flagella. Calkins Fig. 10, 
and Pascher Fig. 171) show one flagellum arising from the 
dorsal and the other from the ventral side the pharynx. 
contractile vacuole within the dorsal anterior extremity 
the body. The general cytoplasm not alveolar, though 
usually presents such appearance, because the presence 
colorless, highly refractive spheroidal bodies. important 
note that these bodies vary number, and far they 
decrease number the apparent alveolar condition the cyto- 
plasm becomes less evident. have tested these with the 
iodine starch test and got negative reaction—the bodies 
staining brown. These bodies have the same general 
features the paramylum grains Euglena and have been 
described for Chilomonas paramylum grains; they are, there- 
fore, looked upon assimilation products. These assimila- 
tion products are more less directly related certain deeply 
staining (nuclear stains) rounded bodies, which lie about them. 

Most systematic and experimental workers, when describing 
Chilomonas paramecium have paid little attention these 
chromatic bodies. For example, Eyferth Pascher 
and Jennings neither describe nor depict them. These 
same authors, however, describe centralized well-defined 
nucleus lying behind the middle the body. 

Calkins recognized nucleus this rounded, nuclear- 
like structure, which lay behind the middle the body; but 
looked upon the deeply staining bodies which lie the para- 
mylum grains distributed nucleus, and thus brought Chilo- 
monas paramecium line with series animals bearing 
distributed nuclei permanently granular nuclei. 
with this permanently granular chromatin, again, are found 
two conditions. one type the granules are scattered through- 
out the entire cell, and are never confined nuclear membrane 
(so-called ‘distributed’ ‘diffused’ nuclei). nuclei the 
other type the granules are confined definite, more less 
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Fics. AND Specimens with closely packed paramylum grains and few 
chromatic bodies. 1,500. 

Fic. ventral flagellum, pharynx with rows structures within its 
wall—the rudimentary trichocysts. Nucleus here closely applied the fundus 
the pharynx. Paramylum grains reduced somewhat and the number chro- 
matic bodies increased. 1,500. 

Fics. AND Show the paramylum grains greatly reduced size and 
the chromatic bodies greatly increased size. these cases the size both 
paramylum grains and chromatic bodies varies much. 1,500. 


spherical space, which may may not bounded nuclear 
membrane. Examples the first type were described 
Gruber certain Rhizopods and number Ciliata, and, 
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suggested, highly probable that many, not all 
Haeckel’s Monera will found possess nuclei this type. 
Among flagellated forms has been described Biitschli 
for Chromatium and Ophidomonas jenensis, and myself 
for species Tetramitus. the latter form the granules 
chromatin, which first are scattered throughout the entire 
cell with apparent order, come together form loose aggre- 
gate prior division. this condition the aggregate divided 
into halves, equal portion going each daughter-nucleus 
(Fig. important note here, however, that another 
element comes complicate the process. the resting 
condition the cells, when the chromatin distributed through- 
out the cytoplasm, faintly staining body can found some- 
where near the center the cell (Fig. This body becomes 
more definite the chromatin granules come together for 
division, and divides into equal portions before the nucleus 
halved. During the process division the chromatin granules 
become heaped about this partly divided body, one half which 
remains the center each daughter-heap granules until 
the end the division After division the granules 
again separate, forming the distributed nucleus. The central 
body, therefore, has the attributes attraction sphere. 
“The chromatin represented this temporary aggregation 
chromatin granules about the sphere permanent the 
majority the Flagellates, and may perhaps regarded the 
usual condition protozoan nuclei. Among some Flagellates 
the aggregation chromatin granules about the sphere, al- 
though permanent throughout resting and active phases, re- 
sembles the loose aggregation the division period Tetramitus 
having nuclear membrane (Chilomonas paramecium, 
Trachelomonas lageuella and Again Calkins 
speaks what others take nucleus division center: 
“The flagellate Tetramitus shows apparently similar division- 
center. During the resting phases, the chromatin distributed 
throughout the cell, while indefinite ‘achromatic mass’ 
appears direct connection with the cytoplasmic reticu- 
lum. Immediately before division, however, the chromatin 
granules collect about this body, and then, save for the absence 
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membrane, the aggregate resembles the nucleus Euglena. 
Division takes place Euglena, the intranuclear division- 
center dividing first. After division the chromatin granules 
again disperse and the division-center becomes again cytoplas- 
mic (Fig. intermediate stage between this condi- 
tion and the condition Euglena shown some species 
Chilomonas and Trachelomonas which there nuclear 
membrane, but which the chromatin remains permanently 
aggregated about the division-center.” Kellicott his 
statement definite nuclear membrane may absent first, 
seems follow Calkins’s earlier conception 
that these granules represent nucleus without nuclear mem- 
brane. 

interesting see that Calkins modifies his view- 
point somewhat. longer considers these granules 
representing nucleus, but implies that they are nuclear 
origin. Though not exactly clear that has changed his 
opinion about these chromatin granules such strongly implied 
when says “there probably great difference between the 
above-described method idiochromidia formation trans- 
fusion, whereby the chromatin materials percolate through the 
nuclear membrane fluid form, and that nuclear dissolution, 
whereby the peripheral portion the nucleus becomes scattered 
granular form throughout the cell and then his 
legend Fig. the same page prints para- 
mecium show the alveolar structure protoplasm prior 
idiochromidia This idiochromidia this place 
considers the ‘‘sexual racial the cell 
contrasted with chromidia which extranuclear 
chromatin.” 

the implication his later words has given the 
idea that the nuclear-like body the base the pharynx 
nucleus. now sees, what had taken the chro- 
matin granules distributed grains idiochromidia. 
These, says, are nuclear origin. further thinks that 
these chromatic granules play important part reproduction. 

Our own observations indicate that there definite 
clearly defined nucleus Chilomonas paramecium. This 
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nucleus lies posterior the middle the body closely associated 
with the fundus the pharynx (Figs. and have been 
able find many these nuclei what take the resting 
condition (Fig. this condition there well-defined 
nuclear limit indicating the presence nuclear membrane. 
Within the nucleus single spheroidal nucleolus seen. This 
nucleolus life highly refractive. The chromatin granules 
the resting nucleus are very small and uniform size. They 
crowd rather closely upon the nucleolus and leave the nucleolus 
lie within relatively small chromatin-free region (Figs. 
and 6). other specimens find the nuclear size 
increased (Fig. and some cases the shape the nucleus, 
well, greatly modified (Fig. most these enlarged 
nuclei the chromatin granules lie more remote from the latter 
within relatively large chromatin-free The chromatin 
granules themselves, such nuclei, are greatly enlarged, though 
yet uniform size. These enlarged nuclei had taken 
prophases mitosis before the appearance Bélar’s paper 
and now can say that are able corroborate general 
way his earlier details for the mitosis paramecium. 
Except for these strikingly nuclear-like variations, the char- 


” 


acter, what has been termed “division remains 
constant and look upon the proper nucleus the cell. 

the other hand, the variability the extra-nuclear chro- 
matic granules conspicuous contrast with the slight varia- 
bility the nucleus. These chromatic granules vary number, 
size and distribution. have not found individual 
which granules are present. These chromatic bodies are 
smallest when fewest and they then lie within the half 
the cell (Figs. and 5). The granules tend increase 
size they become more numerous (Figs. and are 
most widely distributed throughout the cell when they are largest 
(Figs. and The granules given cell, when they are 
this last condition, are longer uniform size (Figs. and 6). 

Associated with this variability the chromatic bodies 
have variability the paramylum contents the cytoplasm. 
The granules are fewest and smallest when the paramylum 
bodies are relatively most numerous and when the latter lie 


| 
| 
7 
7 


CHILOMONAS PARAMCECIUM EHRENBERG. 219 


closely packed within the cytoplasm (Figs. and 5). the 
paramylum granules become reduced size the chromatic bodies 
become more frequent and lie within the enlarged masses 
cytoplasm that fill the interstices between the paramylum grains 
(Figs. and 3). Finally the granules chromatic material 
are largest, most numerous and most widely distributed when 
the paramylum grains have been reduced small, widely 
separated spheroids (Figs. and 6). 

These chromatic bodies, moreover, arise the cytoplasmic 
interstices between the paramylum grains. They lie closely 
applied the paramylum elements rather than the nucleus. 
Their contact with the nucleus seems purely incidental. 
They appear rather bodies related the changes involved 
the assimilation the paraymlum grains. Their origin, then, 
consider cytoplasmic and not nuclear. These chromatic 
granules take represent by-products intermediate phases 
the assimilation paramylum and are not idiochromidia. 


CONCLUSIONS. 

There well-defined nucleus with definite nuclear 
membrane Chilomonas paramecium. 

The chromatic bodies, that are found within the cytoplasm, 
are related the formation and disposal paramylum and 
must not considered idiochromidia, for they are cyto- 
plasmic and not nuclear origin. 
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